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A traffic-smash is no major | 
has Mathews Hydrants. You 
won't have to worry about 
rounding-up a pick-and- 
shovel crew, a compressor, v3 
and a lot of other equipment. 
Pes It takes two men about 15 $375 
back in working order. They 
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barrel from the elbow... lift 
it through the loose protec- 
tion case...and replace it 
with a new or reconditioned 
barrel. You repair the dam- 
aged barrel at your conve- 
nience in the shop, and you 
save time and money. In- 
clude Mathews modernized 
Hydrants in your post-war 
plans for better, more eco- 
nomical fire protection. 
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Protect them by 
Secondary Chlorination 


@ Your chlorinating equipment may be fully adequate to deliver a 
thoroughly safe water from your treatment plant. That open distri- 
bution reservoir on the hill, however, is a possible point of recon- 
tamination. 

Many cities are taking safety-plus precautions by providing secon- 
dary chlorination at the outflows of distribution reservoirs, floating 
reservoirs and finished water storage basins. Such secondary chlori- 
nation helps to maintain a free chlorine residual throughout the 
distribution mains. 

The wide operating range and protection against flow reversal, 
that is required for this type of service, is furnished by W&T auto- 
matic-proportioning Chlorinators. 

If there is such a “blank spot” in the protection of your water pag val 
system, W&T engineers will recommend, without obligation, the — ware propornic 


most practical way to overcome it. OF CHLORINE 10 
FLOW OF WATER 


“The Only Safe Water is a Sterilized Water” 
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Dollars and Sense of Depreciation 


By Louis R. Howson 


EPRECIATION and_ retirement 

of physical property, like death in 
humans, is inevitable, and, like human 
experience, mortality of utility equip- 
ment is influenced by the characteris- 
tics of each individual property, its 
physical constitution, environment and 
the hazards inherent in the service 
which it performs. Also, utility prop- 
erties, like the human race, do not ex- 
pire in toto. They, too, are continuing 
enterprises even though, like individual 
human beings, their plant items are sub- 
ject to finite life. With improvement 
in the art, utility property items, like 
humans, have an increasing life ex- 
pectancy and where new additions are 
constantly being made and old-age 
items being retired, the over-all com- 
posite ages of both utilities and the hu- 
man race are growing but slightly and 
certainly not in parallel with the pass- 
age of time. With both humans and 
utilities it is practicable to set up annui- 
ties (or annual depreciation allow- 
ances), but in neither case does the 


A paper presented on June 14, 1944, at the 
Milwaukee Conference by Louis R. Howson, 
Cons. Engr., Alvord, Burdick & Howson, 
Engrs., Chicago. 
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accumulation in the reserve fund pre- 
cisely represent the accrued deprecia- 
tion of an individual person or prop- 
erty. 

Although the existence of deprecia- 
tion is universally admitted, the extent 
to which it is present and the most 
practicable means of measuring and 
financing it are highly controversial. 

Recently, renewed attention has been 
directed to the question of depreciation 
as a result of a report prepared by the 
Committee on Depreciation of the Na- 
tional Association of Railroad and 
Utilities Commissioners. The recom- 
mendations and implications of this re- 
port are of such vast import to all utili- 
ties and especially to the long-lived 
water utilities as to warrant the most 
serious consideration. 

The Board of Directors of the 
American Water Works Association, 
at its January 1944 meeting, approved 
the appointment by President Morris 
of a special Depreciation Committee to 
study the NARUC report with special 
reference to its application to the water 
utilities. The committee completed its 
report late in April. It was approved 
by the A.W.W.A. Executive Commit- 
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tee and filed with the NARUC Com- 
mittee before April 30, the final date 
set by that committee for the receipt 
of discussions of its report. (The 
committee’s report was published in the 
June 1944 Journal of the A.W.W.A.) 

The NARUC report covers some 
275 printed pages. With much of it 
there is rather universal agreement. 
However, it contains some _ recom- 
mendations at wide divergence with 
past procedure, only the most impor- 
tant of which will be discussed. 


Highlights of NARUC Report 


The major items to which your at- 
tention will be directed in this discus- 
sion are: 

1. A fundamental divergence in the 
definition of depreciation as stated in 
the NARUC Committee report from 
present legal and generally accepted 
procedure, even that of NARUC’s own 
Uniform Classification of Accounts. 

2. The recommendation that the 
“straight-line” method be used both for 
setting up annual depreciation allow- 
ances and for determining accrued de- 
preciation. 

3. The statement that the reserve 
computed on the straight-line basis is 
the actual depreciation in the property. 

4. The recommendation that the de- 
preciation reserve be increased to that 
computed on the straight-line basis by 
charge to surplus or otherwise. 


Definitions 


The principle of depreciation has 
nowhere been better stated than by the 
U.S. Supreme Court in the Knoxville 
Water Co. case (Knoxville v. Knox- 
ville Water Co., 212 U.S. 1) in 1909: 


A water plant, with all its additions, be- 
gins to depreciate in value from the moment 
of its use. Before coming to the question of 
profit at all, the company is entitled to earn 
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a sufficient sum annually to provide not only 
current repairs, but for making good the de. 
preciation and replacing the parts of the 
property when they come to the end of their 
life. The company is not bound to see its 
property gradually waste, without making 
provisions out of earnings for its replace. 
ment. It is entitled to see that, from earp. 
ings, the value of the property invested js 
kept unimpaired, so that, at the end of any 
given term of years, the original investment 
remains as it was at the beginning. It is not 
only the right of the company to make such 
a provision, but it is its duty to its bond and 
stockholders, and, in the case of a public 
service corporation, at least, its plain duty 
to the public. 


Following that decision it has been 
almost the universal practice of utilities 
to set aside from revenue each year an 
amount sufficient to cover the item of 
depreciation during that year. 

There are various concepts of de- 
preciation. Possibly the best legal defi- 
nition is that of Mr. Chief Justice 
Hughes in the Lindheimer case (292 
U.S. 151), as follows: 


Broadly speaking, depreciation is the loss, 
not restored by current maintenance, which 
is due to all the factors causing the ultimate 
retirement of the property. These factors 
embrace wear and tear, decay, inadequacy 
and obsolescence. Annual depreciation jis 
the loss that takes place in a year. d 


The NARUC Uniform System of 
Accounts states: 


“Depreciation,” as applied to depreciable 
utility plant, means loss in service value not 
restored by current maintenance incurred in 
connection with the consumption or prospec- 
tive retirement of utility plant in the course 
of service, from causes which are known to 
be in current operation and against which 
the utility is not protected by insurance. 
Among the causes to be given consideration 
are wear and tear, decay, action of the ele- 
ments, inadequacy, obsolescence, changes in 
the art, changes in demand and requirements 
of public authorities. 


The present report of the NARUC 


Committee on Depreciation diverges 
materially from these definitions which 
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to date are the law of the land. The 
definition in this new volume reads: 

2. The significance of the depreciation phe- 
nomenon may be described as follows: 

(a) Depreciation is the expiration or con- 
sumption, in whole or in part, of the service 
life, capacity, or utility of property resulting 
from the action of one or more of the forces 
operating to bring about the retirement of 
such property from service; 

(b) The forces so operating include wear 
and tear, decay, action of the elements, in- 
adequacy, obsolescence, and public require- 


ments ; 
(c) Depreciation results in a cost of serv- 


ice. 

Careful comparison of the legal defi- 
nitions and that of the NARUC 
Depreciation Committee shows that, 
whereas the earlier definitions refer to 
loss in value not restored by current 
maintenance, that is now superseded by 
“consumption in whole or in part of 
the service life, capacity or utility of 
property.” Depreciation under this 
new definition becomes a question of 
consumption of life rather than of 
value. Depreciation as developed in 
the NARUC Committee report is, in 
fact, amortization of original cost on a 
straight-line basis and bears no relation 
to the actual facts of depreciation. The 
Encyclopedia Britannica defines de- 
preciation as “inevitable wastage in the 
value of assets” and amortization as 
“liquidation or extinguishment of an 
asset by means of a series of partial 
payments prorated to extend over the 
period during which the asset will ex- 
ist.” Depreciation and amortization 
are not synonymous. It is depreciation 
with which water works properties are 
concerned. 


Depreciation Accounting 


Depreciation occurs and must be 
financed irrespective of whether the 
water works are municipally or priv- 
ately owned, although the factors af- 
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fecting depreciation accounting meth- 
ods and policies are frequently influ- 
enced to some extent by the ownership. 

In only a few states are publicly- 
owned utilities subject to regulation. 
Their depreciation methods and policies 
are therefore largely determined lo- 
cally. Publicly-owned water utilities 
in general set up larger depreciation re- 
serves than the private companies and 
ordinarily use the straight-line method 
for annual allowances. The reserve 
thus accrued frequently bears no direct 
relation to the actual accrued deprecia- 
tion of the property. This policy of 
liberal reserves provides funds required 
for plant additions and obviates delays 
and costs incident to bond issues other- 
wise necessary. 

Most privately-owned utilities are 
operated under governmental regula- 
tion and the annual depreciation al- 
lowance is either fixed or approved by 
the regulatory body. Their accrued de- 
preciation and present value are usu- 
ally checked at more or less frequent 
intervals in studying the fairness of 
rates for service. Asa result of several 
decades of regulation the privately- 
owned utilities usually maintain a 
closer balance between annual and ac- 
crued depreciation and the actual re- 
quirements for each property. 

Inquiry from a large number of 
municipally-owned water works by N. 
T. Veatch has disclosed that on an 
average of 107 cities, the amount set 
aside annually for depreciation was 
equal to 1.77 per cent of book cost and 
the accumulation in the reserve aver- 
aged 27 per cent of the book cost. 
Recent analysis of the figures from 181 
privately-owned water works, shows 
that the average annual rate of de- 
preciation is 0.99 of 1 per cent of the 
book cost and the credit balance in the 
depreciation reserves averages 13.4 per 


ae 
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cent of the book cost. The average 
amount of the surplus account of the 
181 properties was equivalent to 6.25 
per cent of the book cost. 

It may appear that the NARUC 
Committee report and this discussion 
apply only to privately-owned utilities, 
but such is not the case. As state regu- 
lation of publicly-owned water works 
becomes more universal, the impact of 
the NARUC depreciation policy on the 
publicly-owned plants will become ap- 
parent. Rates fixed upon a rate base 
resulting from the deduction for de- 
preciation in amount in excess of that 
actually existing will handicap the mu- 
nicipal utilities in financing future ex- 
pansion. This will be particularly true 
where bond issues are required. 

If the NARUC committee method 
of depreciating a property is followed, 
a newly acquired municipal plant, 
financed by revenue bonds of 40 yr. 
maturity will equal annual payments 
for interest and principal, will depreci- 
ate at a rate faster than the bonds are 
retired, for the first 10 yr. after ac- 
quisition, thus impairing the equity be- 
hind the bonds. 


Annual vs. Accrued Depreciation 


It would seem to be self-evident that 
annual depreciation allowances and ac- 
crued depreciation should be reason- 
ably in harmony. The only purpose 
of annual depreciation allowances is to 
provide for accrued depreciation as and 
when it occurs. The NARUC Com- 
mittee report states that straight-line 
depreciation should be used for both 
annual and accrued depreciation de- 
terminations. As to these views, the 
report of the A.W.W.A. Depreciation 
Committee states: 

Our group has no disagreement with the 


general principle that accrued depreciation 
and annual allowances must be reasonably 


in step. We do disagree completely with the 
applicability of the straight-line theory jp 
the determination of accrued depreciation of 
long-lived water works structures. We hold 
that the accrued depreciation reserve must 
be closely related with the facts of deprecia- 
tion and most water works property does not 
depreciate in a straight line. 


Accrued depreciation is a fact. If 
is either there or it is not; and if it ex. 
ists the extent to which it exists is also 
a factual matter. Annual depreciation 
is simply a means of financing that fact 
in the amount and at the time it oc. 
curs. No method of financing can add 
to or detract from the amount of actual 
depreciation which a property has suf- 
fered. In the report of the NARUC 
Committee it is stated that if the sink- 
ing-fund method of computing de- 
preciation expense is used no accrued 
depreciation should be deducted in fix. 
ing the rate base. The fact that the 
annual allowance has been set aside by 
the sinking-fund method cannot in any 
way affect either the actuality or the 
amount of depreciation which has ac- 
crued on the property. It can only af- 
fect the accounting. Similarly, the as- 
sertion which the report reiterates so 
frequently—the actual depreciation is 
determined by the amount of the de- 
preciation reserve computed on_ the 
straight-line basis—is equally unsound. 
That, too, is only an accounting pro- 
cedure. The charge entered on the 
books cannot possibly affect the physi- 
cal condition of the property. Under 
the NARUC Committee’s theory two 
identical properties, one of which sets 
up depreciation on a sinking-fund and 
the other on a straight-line _ basis, 
would have different values. The ac- 
tual depreciation is independent of the 
method by which it is financed. 

The NARUC Committee _ report 
states that the straight-line method 
should be adopted because it is simple 
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and less affected by errors than other 
methods. Is that true as applied to 
the long-lived water utility? Actually, 
straight-line depreciation is based 
wholly on estimates. First, it involves 
an estimate of the life expectancy of 
each property unit. Of course that 
estimate is easily made for short-lived 
ynits like electric light bulbs, telephone 
instruments, railroad ties or electric 
power line poles which have already 
passed through several life cycles. But 
what is the life of cast-iron pipe, which 
makes up about two-thirds of the value 
of the average water works? Is it 65 
yr. (as stated in Bulletin F of the U.S. 
Treasury Dept. Bureau of Internal 
Revenue) for 6-in. pipe (50 per cent 
of the average system) or is it 100 yr. 
as some commissions and engineers 
have assumed? Or is it 200 yr or 500 
yr.? In the first 15 water plants stud- 
ied by the A.W.W.A. Committee on 
Survival and Retirement Experience 
With Water Works Facilities there had 
been installed 34,654,567 lin.ft. of 6-in. 
and larger cast-iron pipe in periods be- 
ginning with 1821. Only 1,464,624 ft. 
or 4 per cent had been removed for all 
causes and the average survival ratio 
was 93.1 per cent, with the average ex- 
perience record of 66.3 yr. Very few 
cities have removed as much as 5 per 
cent of the cast-iron pipe laid. Its life 
will apparently vary widely as between 
different systems. Many systems serv- 
ing 50,000 or more people have prac- 
tically no retirement experience on 
which to hazard even a decent guess as 
to the average life expectancy of its 
pipe system. 

This point is illustrated by the testi- 
mony of an old “river rat” in an im- 
portant flood lawsuit. He was semi- 
illiterate, 88 yr. of age, was born and 
had spent his entire life on a house- 
boat making a precarious living by 
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salvaging floating timbers from the 
Missouri River during high-water 
periods. After testifying freely with 
a remarkable memory of the flood his- 
tory of the Missouri during his life- 
time on its banks, he was asked whether 
he remembered the 1881 flood. Upon 
his affirmative answer the attorney 
asked him if that wasn’t the greatest 
flood there ever was on the Missouri. 
The old man replied he did not know 
and stuck to it. When finally asked 
why he didn’t know in view of his 88 
yr. spent on the river’s banks he re- 
plied, “Because I’m not old enough.” 
I wish that some of the depreciation 
experts were as frank. 

After estimating the life of an item 
such as cast-iron pipe with such ac- 
curacy (7), the next step in this simple 
process is to estimate the net salvage 
at that far distant future mortality date 
so that amount can be deducted from 
original cost to get the depreciation 
base. What will scrap pipe be worth 
say in the year 2000 or 2100?° What 
will it cost then to remove the pipe? 
What will labor rates be? What kind 
of paving will be over the pipe—or will 
the city be there at all? It is difficult 
enough to estimate net salvage at the 
present time. To project that process 
a century or two in the future is neither 
simple nor accurate. 

This type of simplicity apparently 
consists in drawing a straight line from 
an unwarranted assumption to a fore- 
gone conclusion. ‘Actual loss in value 
not restored by current maintenance” is 
not influenced by whether that line is 
straight or curved or what bookkeep- 
ing entry may be made. 


How Should Accrued Depreciation 
Be Determined? 
Having disposed of the NARUC 


Committee recommendation, what is 
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the alternative suggested? 
W.A. Depreciation Committee 
presses itself on this as follows: 


We believe the proper annual allowance 
for depreciation on water works structures 
of long life is arrived at by a careful de- 
termination first of the actual depreciation 
accrued to date, and from that a determina- 
tion of the annual rate; both the annual rate 
and the accumulation in the reserve should 
be periodically reviewed, and the annual al- 
lowance adjusted if necessary to bring it 
into closer harmony with the actual de- 
preciation requirements. 

The determination of the actual accrued 
depreciation involves a careful inspection of 
the property by one properly qualified 
through a background of design, construction 
and operation of similar properties, a careful 
study of operating and maintenance records, 
a study of the past and probable future needs 
for the service which the unit of property 
performs and its ability to meet them, the 
history of this unit or property and others 
of its type under comparable conditions, the 
presence or apparent imminence of obsoles- 
cence and other factors that affect the fu- 
ture usefulness in the particular property 
being studied. 


The NARUC report calls that an 
estimate. Of course it is. But the 
author believes an experienced builder 
can estimate the condition of this build- 
ing more accurately than an account- 
ant can forecast how many years it 
will be here, and certainly the former 
will more nearly reflect its actual de- 
preciation, which is what we want to 
know. The amount of accrued de- 
preciation having been determined, the 
annual allowance should be such that, 
if accumulated over the years in which 
the property has been in service, it 
would have provided the amount so 
determined in a reserve. This study 
should be repeated as frequently as 
necessary, usually at intervals of from 
5 to 10 yr. When done in this prac- 
tical manner, the reserve will always 
be reasonably in step with the annual 
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allowance and the amount in the re. 
serve will reasonably approximate the 
actual depreciation of the property, 
The reserve will usually be some. 
what larger than the actual deprecia. 
tion in the property, for the reason that 
the annual allowances must reflect the 
depreciation which results from contin. 
gencies and casualties but which is not 
deductible as actual depreciation unti} 
it matures or can be reasonably fore. 
seen. The NARUC report says that 
the accrued depreciation on a straight- 
line basis with the assumed life reflect- 
ing all casualties whether or not they 
have occurred is the actual deprecia- 
tion. This divergence of views is il- 
lustrated by the automobile. The fact 
that the average automobile may sus- 
tain a $250 collision damage once in § 
yr. cannot possibly detract from the 
value of a car not yet smashed up. 
The NARUC Committee method, how. 
ever, would reduce each car’s value 
$50 per year on that account. The 
annual allowance for depreciation must, 
of course, recognize the possibility that 
the casualty will occur, but it certainly 
is not deductible as accrued deprecia- 
tion until it actually has occured. 
Similarly, contingencies are not actual 
depreciation until they mature or can 
be reasonably foreseen. For example, 
the annual depreciation allowance in 
the Cincinnati Water Works should 
have reflected some provision for the 
contingency of a flood as high as that 
of 1937, even though such a flood had 
not occurred since the inception of the 
water works more than 100 yr. earlier. 
However, the accrued depreciation of 
the Cincinnati Water Works could not 
and did not reflect that contingency 
until the unprecedented flood occurred. 
Under the NARUC Committee report 
theory 50 per cent of the depreciation 
which matured with the 1937 Cinci- 
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nati flood was actual and deductible 
from the plant value 50 yr. before the 
damage occurred. Preparation must 
be made in advance for floods, casual- 
ties and obsolescence, but that prepara- 
tion does not mean that there has been 
any deterioration in the property prior 
to their occurrence. To hold other- 
wise seems an incongruous mixture of 
fact and theory. 


Fact and Theory 


All through the NARUC Commit- 
tee report there appears to be a con- 
fusion between fact and theory. The 
statement that the accumulations in a 
depreciation reserve by a straight-line 
method are “actual depreciation,” is 
believed to be inaccurate, misleading 
and unfortunate. The proper theory 
should be made to agree with the facts 
—not the facts warped to agree with a 
theory which is in conflict with uni- 
versally recorded experience. 

Depreciation of long-lived structures 
and equipment that make up the ordi- 
nary water works does not increase on 
a straight line from the time of in- 
stallation until the time of removal. 
The accumulations in a reserve on a 
straight-line basis for water works 
property accordingly do not accurately 
measure the accrued depreciation. 
They are usually greatly in excess of 
the demonstrated requirements or the 
actual depreciation which the reserve 
is to finance. 

Let us apply this NARUC deprecia- 
tion principle to some of the important 
water works equipment. In the aver- 
age water works which has been com- 
pletely metered for some time, the 
average age of the water meters is 20 
yr., more or less. From a practice be- 
fore many of the state regulatory com- 
missions, the author knows of none 
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using an age-life basis which has given 
a life to meters of more than about 40 
yr., and 30 yr. is frequently used. On 
the NARUC Committee report basis 
the “actual” depreciation of the aver- 
age water meter in service is therefore 
approximately 50 to 66.66 per cent. 
Do any of you water works men be- 
lieve that your meters are only in 334 
to 50 per cent condition? That situa- 
tion illustrates the effect of the omis- 
sion of the words “not restored by 
current maintenance” in the NARUC 
Depreciation Committee’s new defini- 
tion of depreciation. 

The ordinary water distribution sys- 
tem in the Midwest has a weighted 
average age of between 20 to 35 yr. 
Where commissions use age-life meth- 
ods of computing depreciation they 
usually give water mains not to exceed 
100 yr. and mains 6 in. and smaller, 
are frequently given shorter lives. In 
view of the fact that in the average 
distribution system approximately 70 
per cent of the mains are 6 in. and less 
in diameter, as practical water works 
men can you agree with the conclusions 
from the NARUC Committee report 
that your distribution system is de- 
preciated from 25 to 50 per cent? Is 
that actual depreciation or unapplicable 
theory ? 


Retroactive Adjustment Recom- 
mended by NARUC 


In various places the NARUC re- 
port states that the accumulation in the 
reserve by a straight-line method is the 
actual depreciation. In one place the 
report states: “Where the cost is the 
gross base then the reserve should be 
deducted from it in arriving at the rate 
base, for the reserve alone measures 
actual depreciation.” 

The NARUC Depreciation Commit- 
tee recommends that where the depre- 
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ciation reserve actually accrued by the 
companies is less than the amount 
which should theoretically be in the 
reserve on the straight-line basis, the 
reserve should be brought up to the 
total indicated by the straight-line 
method by withdrawal from surplus or 
otherwise. Practically all privately- 
owned public utilities have been under 
governmental regulation for periods 
varying from 20 to 40 yr. and their 
annual depreciation allowances and the 
credit balances in the reserves reflect 
the practices either ordered or ap- 
proved by regulatory bodies. If the 
recommendation of the NARUC De- 
preciation Committee should fol- 
lowed it would mean that the present 
water utility reserves amounting to 
13.4 per cent of book cost would neces- 
sarily be increased to from 25 to 35 or 
40 per cent in most cases. Where is 
this money coming from, in view of 
the fact that the average water works 
surplus is but 6 per cent of its book 
cost? Is there anything fair or equita- 
ble in requiring this change in account- 
ing practice and in the valuation and 
rate base of the utilities? To the 
author it seems highly unjust and 
ethically improper to require such a 
write-down in utility values. 

The courts have said that deprecia- 
tion is a part of the cost of service and 
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as such must be paid by the consumer. 
In effect, the NARUC Depreciation 
Committee says to the water utilities: 
“You must double or triple the amount 
which regulatory bodies have permitted 
you to set up, and this excess must be 
taken from your surplus or by omitting 
dividends, rather than by collecting jt 
from the rate payers.” In the author's 
opinion there is nothing ethical in that 
kind of “back-door confiscation.” 

The NARUC report further states 
that: “The depreciation reserve should 
not be readjusted gradually through 
modification of the annual depreciation 
rates when the difference between the 
book reserve and the proper reserve 
(straight-line) is substantial.” With 
water works this difference is substan- 
tial (100 per cent or more of the book 
reserves) so that this stipulation closes 
the door to the only means of collect- 
ing depreciation costs from the con- 
sumers according to law. Not being 
permitted to collect from the rate pay- 
ers for the cost of property consumed 
in their service the difference must be 
taken from capital and the property 
values are correspondingly impaired, 
“Requiring the utilities to deduct from 
value that which they were never per- 
mitted to collect through rates is con 
trary to all precedent and ethical pro 
cedure.” 
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Municipal Depreciation Accounting Practices 


By N. T. Veatch 


HIS paper is the outgrowth of a 

discussion which took place at a 
meeting of the’ Finance and Account- 
ing Division of the American Water 
Works Association during the annual 
convention of that Association, held at 
Cleveland, Ohio, in June, 1943. The 
discussion brought out the fact that 
there is a wide diversity in accounting 
practice among municipal water utili- 
ties. Most, if not all, privately-owned 
water properties are under the juris- 
diction of state regulatory bodies and 
follow accounting practices prescribed 
by such authorities. It appeared from 
the discussion that there is little uni- 
formity among water departments in 
regard to the use of a standard account- 
ing system such as that prescribed by 
the National Association of Railroad 
and Utilities Commissioners or as sug- 
gested in the Manual of Water Works 
Accounting, published by the Munici- 
pal Finance Officers Association and 
the A.W.W.A. It was also apparent 
that the same lack of uniformity ex- 
ists in regard to the handling of annual 
retirement or depreciation charges, and 
the creation of a retirement or de- 
preciation reserve. 

Depreciation losses are of such great 


A paper presented on June 14, 1944, at the 
Milwaukee Conference by N. T. Veatch, 
Cons. Engr., Black & Veatch, Kansas City, 
Mo. 
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importance in determining cost of serv- 
ice, adequacy of rates, etc., that it was 
decided to make an attempt to ascer- 
tain, as nearly as possible, how de- 
preciation is being handled in present- 
day accounting practice among munici- 
pal water utilities. A questionnaire 
was sent out to some 275 cities, and 
145 (or slightly over 52.5 per cent) 
were returned with pertinent informa- 
tion. This is believed to be a very 
satisfactory response, particularly now 
when time is invaluable and some re- 
search may be required to answer them. 
The information obtained is enlighten- 
ing. The following table shows the 
number of cities reporting, for several 
ranges in population : 


Population No. Reporting 
35 
50,000 to 100,000................ 26 
200,000 to 300,000............... 7 
400,000 to 500,000............... 2 
500,000 to 750,000. .............. 3 

145 


The geographical distribution of the 
145 cities reporting is shown in the 
following list: 
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No. No. 
Report Report 
State ing State ing 
1 Nebraska ..... 5 
Arkansas ..... 1 New Hampshire 2 
California ..... 9 New Jersey.... 6 
...... 4 New York .... 4 
Connecticut ... 2 North Carolina. 1 
ly!) 4 North Dakota.. 3 
7 Oklahoma ..... 3 
Indtama ....... 2 2 
etree 8 South Carolina. 2 
Kentucky ...... 2 South Dakota . 1 
Louisiana ..... 1 Tennessee ..... 4 
Maryland ..... 2 1 
Massachusetts . 4 Virginia ...... 3 
Michigan ..... 7 Washington ... 4 
Minnesota ..... 4 West Virginia . 1 
Mississippi .... 1 Wisconsin ..... 10 
Missouri ...... 6 Wyoming ..... l 
Montana ...... 4 


The information received is repre- 
sentative geographically, but to a lesser 
extent as to the size-range of cities, be- 
cause of lack of specific reports from 
the smaller municipalities. The data 
can, however, be considered as repre- 
sentative of average practice in the 
larger cities of the country. 

The questions asked in the question- 
naire were: 


1. Do you make an annual charge to 
operations for retirements (annual de- 
preciation charge ) ? 

2. If so, how is amount determined ? 

3. What is the book value of de- 
preciable property in your system? 
(Total of physical property exclusive 
of land.) 

4. What is amount set aside each 
year for retirement or depreciation ? 

5. What is the present balance in 
your retirement or depreciation reserve 
account ? 

6. Do you carry an actual cash re- 
serve for retirements or depreciation, 
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or do you carry merely a book figure 
the money being used for plant extep. 
sions? 

7. Do you keep books in accordance 
with any standard system of accounts 
such as that outlined in the A.W.W.4 
Manual of Water Works Accounting, 
or that of the National Association of 
Railroad and Utilities Commissioners? 
Name? 

8. Have you ever had your system 
appraised to determine its actual cost. 
and the total amount of accrued de. 
preciation existing in the system? 

Answers to question No. 1 ‘show that 
out of the 145 cities reporting, 107, or 
73.8 per cent, make an annual charge 
to operations for depreciation. 

Answers’ to question No. 2 indicate 
that approximately 70, or 65 per cent 
of the 107 cities making such annual 
charges for retirement or depreciation, 
calculated the amount by applying an 
annual percentage rate to the total book 
figures for each of the major accounts 
or like groups of property. The other 
37 cities used various methods, some 
applying a fixed percentage to the en- 
tire capital account shown in the books, 
while others applied it to the deprecia- 
ble property portion of the total capita 
account only. Some of the cities us 
a flat figure annually, the amount vary- 
ing in some cases from year to year 
Others used some modification of the 
different methods mentioned above. 

Twenty-five cities out of the total of 
70 cities that apply an annual rate t 
major accounts, reported the annua 
rates used. These are summarized it 
Table 1. 

The percentages shown in Table | 
were probably determined by severd 
different methods, but the amounts it- 
dicate a mixture of sinking-fund and 
straight-line rates, the latter being more 
predominent. The average composite 
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TABLE 1 
Percentage Annual 
Allowance for 
Depreciation 
Mini- Maxi- Aver- 
Class of Property mum mum age 
Structures: 
Buildings.......... 1.33 3.0 1.98 
Dams and tunnels, 
Se 0.80 1.0 0.90 
3.00 7.0 3.94 
Pumping equipment.. 2.00 10.0 4.37 
Mains—cast-iron..... 0.67 2.0 1.29 
rere 1.33 5.0 1.99 
Furnitureand fixtures. 3.00 10.0 7.61 
Transportation equip- 


annual rate, expressed as a percentage 
of depreciable property for 100 of the 
107 cities making annual allowances 
for depreciation, was approximately 
1.77 per cent per year. This is, gen- 
erally speaking, higher than composite 
rates allowed by regulatory commis- 
sions in determination of rates for 
private companies. As the above rate 
of 1.77 per cent is a weighted average 
of all of the 97 cities, inference should 
not be made that all of the rates applied 
are too high. As a matter of fact, all 
data obtained from this survey should 
he considered as average mass data, 
indicating only the general and average 
situation, and should be applied to in- 
dividual cases only on that basis. 
Answers to question No. 3, in re- 
gard to book value of depreciable plant, 
show that the total book value of de- 
preciable property in all of the 107 
cities maintaining a depreciation re- 
serve and making annual allowances 
for retirement or depreciation, is $1,- 


047,000,000. This represents 77.8 per 
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cent of the value of depreciable prop- 
erty in all of the 145 cities reporting 
which amounts to $1,346,000,000. The 
total book value of depreciable prop- 
erty in cities where no reserve is main- 
tained for retirement or depreciation is 
$299,600,000, or 22.2 per cent of the 


total in the 145 cities. 


Per Capita Book Value 


The population in the 107 cities 
which maintain retirement or deprecia- 
tion reserves was, as of 1940, 13,986,- 
182, or 76.1 per cent of the total for 
all 145 cities of 18,383,826. The aver- 
age per capita book value of deprecia- 
ble property in these cities is approxi- 
mately $75. The population of the 38 
cities in which no retirement or de- 
preciation reserve is carried on the 
books was 4,397,644, or 23.9 per cent 
of the total population of all the cities 
reporting. The average per capita book 
value of depreciable property in this 
group of cities is approximately $68. 
The reasons for the difference in per 
capita book value of the two groups of 
cities is not clear but may be due to a 
greater cost of supply works in the 
larger group and to some extent to the 
accounting practice of both groups. 
The above figures indicate clearly that 
the data obtained in the survey are in- 
fluenced by practice in the larger citites. 
The recognition of the need for making 
charges for retirement or depreciation, 
and creating a reserve for that purpose, 
would be even less general in the 
smaller cities, which make up the ma- 
jority of the total number of water 
utilities in the country, than in the 
larger ones represented in this survey. 

Answers to question No. 4, regard- 


ing the amounts set aside each year for 


retirement or depreciation, totaled for 
97 of the 107 cities reporting such 
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charges, $17,747,607, or 1.77 per cent 
of the total book value of depreciable 
property in the same cities. This per- 
centage (1.77 per cent) represents the 
average of all 97 cities, and many of 
them have individual annual allow- 
ances much higher. As a matter of 
fact, the composite figure of 1.77 per 
cent is considerably higher than the 
composite percentage used in a num- 
ber of cities which are _ following 
schedules recommended by their state 
regulatory body. 

Answers to question No. 5, in re- 
gard to the amount of balances in the 
retirement or depreciation reserve, 
show that the total of all balances for 
100 of the 107 cities having such bal- 
ances, is $254,297,972, or 27 per cent 
of the total book value of depreciable 
property in those cities. The retire- 
ment or depreciation reserve of 27 per 
cent indicates unnecessarily large re- 
serves, a subject which will be dis- 
cussed latter. | 


Book Figure 


Answers to question No. 6, regard- 
ing the character of the reserve, i.e., 
whether merely a book figure, the cash 
being used for extensions or debt re- 
tirement, or whether an actual cash re- 
serve, show that of the 107 cities re- 
porting, 16 cities carry the reserve as 
cash, 87 cities carry the reserve as a 
book figure and 4 cities do not state 
how the reserve is handled. Approxi- 
mately 84.5 per cent of those cities re- 
porting an annual retirement of de- 
preciation allowance, carry only a book 
figure for the reserve, the money being 
used for replacements and extensions 
or for debt retirement. 

Among the 107 cities carrying a re- 
tirement or depreciation reserve, there 
are three commonly used methods in 
which accounting for depreciation 1s 
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shown on the balance sheet. These 
methods are: 


1. The inclusion of the total capital 
investment in the property as an asset. 
the liability due to accrued deprecia- 
tion being shown as a reserve for de. 
preciation under liabilities. 

2. The inclusion of the total capital 
investment in the property as a syb- 
total under assets from which is de. 
ducted the accumulated reserve for 
depreciation, the net remaining capital 
investment then appearing as a net as- 
set in the total assets. 

3. The inclusion as a net asset of the 
net remaining capital investment after 
depreciation as of the date of the bal- 
ance sheet, no reference being made to 
the accrued amount or annual rate for 
depreciation. 


Methods 1 and 2 give a complete and 
true statement of the financial position 
of the property so far as physical plant 
and the reserve are concerned. Metho/ 
3 does not show a complete record oj 
physical plant costs and in case the ae- 
cruals to the reserve (deductions from 
capital investment) are either too smal 
or too large the statement of plant ac 
count is also respectively too large or 
too small. The plant account should k 
corrected annually to reflect actual at- 
ditions and retirements, and not be it- 
fluenced in total by the retirement or 
depreciation reserve. The determina 
tion of the adequacy to the reserve wil 
be discussed later in this paper. 

Answers to question No. 7, regaré: 
ing system of accounts used, indicat 
that 90 out of the 145 cities reporting 
or 62 per cent, are using some stan¢ 
ard bookkeeping system such as tha 
prescribed by the NARUC, the Manu 
of Water Works Accounting or } 
their respective state regulatory bot} 
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jes. Certain others are using some 
modification of some of the above- 
mentioned systems, set up by their ac- 
countants or auditors. 


Lack of Uniformity 


It is apparent that there is a de- 
cided lack of uniformity in accounting 
practices in the 145 cities reporting and 
that it would be desirable to have all 
water utility properties operating at 
least reasonably close to some standard 
uniform system of accounts. Unless 
some uniform system of accounting is 
adhered to, it is impossible to make an 
intelligent comparison of costs and 
other statistical data involved in the 
accounting. 

Since a majority of the cities that 
are following some standard uniform 
system of accounting are using that of 
the NARUC, for adaptations thereof 
by state regulatory bodies, it would 
seem that this would be a good system 
for cities to adopt if a change is made. 
The use of an expert accountant versed 
in utility accounting is always desira- 
able, particularly in setting up a system 
of accounts. 

Answers to question No. 8 show 
that 52 of the 145 cities reporting, or 
approximately 36 per cent, have had 
appraisals made of their property. The 
greater part of these had been made at 
the time of acquisition. Very few ap- 
praisals or determinations of the actual 
accrued depreciation existing in the 
respective systems had been made in 
the last 10 yr. 

The information obtained from the 
survey covered in the preceding para- 
graphs is summarized in Table 2. 

Before analyzing the facts disclosed 
from the survey in regard to the ade- 
quacy of annual allowances and re- 
serves for retirement or depreciation, 
it would be well to review the definition 
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of depreciation and the reasons for ac- 
counting for it. 

Depreciation has been defined as 
“the loss in service value not restored 
by current maintenance.” Among the 
general causes to be given considera- 
tion are wear and tear, decay, action of 
the elements, inadequacy, obsolescence, 
changes in the art, changes in the de- 
mand and requirements of public au- 
thorities. The combined effect of such 
causes is called depreciation. 

“The general causes of depreciation 
have been logically classified into two 
general groups by Marston and Agg.* 
This classification as given by the above 
authority is: 


(1) Physical Causes 
(a) Sudden physical damage, due to 
1. Miscellaneous accidents 
2. Disasters 
(b) Physical decrepitude, due to 
1. Physical deterioration, due to 
action of the elements, etc. 
2. Wear and tear 
(2) Functional Causes 
(a) Functional inefficiency, due to 
1. Inadequacy 
2. Obsoleteness 
3. Supersession 


The division of causes of retirement 
into physical and functional is a natural 
one, as the service life of any unit of 
property may be, and usually is, de- 
termined by one independently of the 
other. 

Depreciation is generally recognized 
as an increment of cost in all com- 
mercial business where physical prop- 
erty is involved. In the utility field, 
physical property constitutes a major 
part of the investment required to pro- 


* Marston, Anson & Acc, Tuomas R. 
Engineering Valuation. McGraw-Hill Book 
Co., Inc. New York and London (1936), 
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Summary of Data Obtained From Survey 


(1) Cities making annual charge for retirement or depreciation 


(2) Cities not making annual charge for retirement or deprecia- 


Total mumber of cities reporting... 
Total number of states represented..................-... 
Total book value depreciable property in (1) above (107 

cities) 
Total book value depreciable property in (2) above (38 cities) 
Total book value depreciable property in all cities reporting 

Population (1940) of cities in (1) above................... 
Population (1940) of cities in (2) above................... 
Total population (1940) of all cities reporting (145 cities)... 
Total amount of retirement or depreciation reserve in (1) 
above (includes 100 out of 107 cities).................. 
Ratio of reserve to depreciable property in (1) above (includes 
100-out of 107 cities); Percentage... 
Total amount of annual allowance for retirement or deprecia- 
tion in (1) above (includes 97 out of 107 cities).......... 
Ratio of total annual allowance to total depreciable property 
in (1) above (includes 97 out of 107 cities), percentage ..... 
Percentage of (1) (107 cities) basing annual retirement or 
depreciation allowance upon percentages applied to major 
accounts or like groups of property.................... 
Percentage of (1) (107 cities) carrying retirement or deprecia- 
tion reserve as book figure only..................0.000- 
Percentage of (1) above (107 cities) carrying cash retirement 

Percentage of (1) above (107 cities) using some standard 

Percentage of total cities reporting (145 cities) having had 


Vol, % 
TABLE 2 
Percentage of 
Total 
107 73.8 
38 26.2 
145 100.0 
41 85.4 
$1,047,000,000 77.8 
$ 299,600,000 22.2 
$1,346,600,000 100.0 
13,986,182 76.1 
4,397,644 23.9 
18,383,826 100.0 


$ 254,297,972 
27 
$ 17,747,607 


1.77 


65 


84.5 


duce and distribute the commodity sold 
or the service rendered, therefore, it is 
especially important that the matter of 
depreciation be considered in the ac- 
counting connected with such enter- 
prises. The cost of service in any 
utility includes, among other thing, ma- 
terials used up in service. These ma- 
terials include not only fuel, such as 
coal, oil or gas, but also physical prop- 
erty such as pumping stations, distribu- 
tion mains, ete., the cost of which in- 
cludes an increment of labor required 
to place them in service. In the case 
of the fuels mentioned, it is easy to 


36.0 


get the actual cost of the material used 
up in service, and very properly such 
costs are included in routine operating 
expenses. The value of physical prop 
erty such as that involved in pumping 
stations, pumping equipment, distribu- 
tion mains, etc., is used up in service 
just as the fuels mentioned, although 
their consumption takes place over 
much longer periods, individual items 
having different lengths of service lives 
Nevertheless, the portion of the serv 
ice value of such items used up @ 
service each year should be charged t 
operating expenses, and made an it 
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crement of the cost of the commodity 
furnished, which is water in the ex- 
ample under consideration. This can 
only be done by accounting for de- 
preciation. The setting up on the bal- 
ance sheet of a reserve for the accrued 
depreciation existing in the property is 
in accord with the method of double- 
entry bookkeeping on the accrual basis 
which gives a complete and true pic- 
ture of the financial position of the 
utility. 

That depreciation takes place is a 
matter of common knowledge. It 
seems also as apparent that it should be 
considered as part of the cost of serv- 
ice, and that such increment of the 
total cost should be reflected in rates 
charged for the commodity sold. It 
has been and now is so considered by 
courts and commissions in the regula- 
tion of rates, and it is surprising that 
such a large number of cities do not 
consider the item of depreciation as an 
element of operating costs. 


Plan for Depreciation 


It is frequently stated that a city that 
is retiring its indebtedness does not 
need to take account of depreciation. 
There is enough apparent justification 
for such a statement to make it seem 
reasonable, although the premise is il- 
logical. Assuming the money used for 
debt retirements comes from revenue, 
and that the annual amount of such 
retirements equals or exceeds the 
annual amount of depreciation accru- 
ing, it is true that the customers are 
contributing ‘through rates paid for 
service, an amount equivalent to a 
charge for depreciation. Therefore, 
from the standpoint of adequacy of 
rates, the statement that if indebted- 
ness is being retired, depreciation does 
not have to be accounted for, may be 
partially, correct. However, it would 
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be better practice to carry a deprecia- 
tion reserve and also a reserve for ex- 
tensions and debt retirements on the 
books, the cash being applied to re- 
placements, extensions or retirement of 
debt. Such a plan would allow the 
book records to reflect the true financial 
condition of the property at any time. 
The practice of not accounting for de- 
preciation makes the statement of the 
financial position of the utility inac- 
curate. 

Many cities have financed water sys- 
tems from proceeds from general ob- 
ligation bonds, and the interest and re- 
tirement charges are paid from funds 
acquired by taxation or by contribu- 
tiois from the water department to 
the general funds, or from both 
sources. Many such cities make no 
accounting for depreciation, nor do 
they keep books on any standard sys- 
tem of accounting. It would be much 
better if some uniform system of ac- 
counting were adopted by means of 
which depreciation and other items are 
accounted for in a proper manner. 
Under such a plan, the utility account- 
ing can be maintained on a basis that 
reflects the true financial condition of 
the utility, and one that is not influ- 
enced by the debt situation, which var- 
ies among cities and changes from year 
to year in each system. Regardless of 
the debt structure, the utility account- 
ing can be on a proper basis, the con- 
tribution of funds to meet debt obliga- 
tions being made by cash from any re- 
serve funds created. The point is that 
the accounting, so far as the utility is 
concerned, should be based upon the 
operation of the utility itself, and not 
governed by the financial situation that 
may exist as to debt service. 

As stated above, it is common knowl- 
edge that depreciation in any physical 
plant does take place, and it would 
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seem to be as apparent that the loss in 
service value due to it should be ac- 
counted for and made a part of the 
cost of service. The determination of 
the proper amount to charge opera- 
tions each year due to depreciation 
losses is not a simple one. The rate 
at which materials and equipment de- 
preciate or suffer loss in service value 
differs in all utility systems. This is 
true so far as physical causes are con- 
cerned and to a much greater extent 
from those of a functional nature. “A 
water system in a rapidly growing city 
will usually have more accruing losses 
in service value than one of slower 
growth. This is due to the fact that 
pumps, mains and other units of prop- 
erty become inadequate more quickly 
due to increased demands. Similar 
units of property may, and usually do, 
have different useful service lives in 
different systems. Unless a system has 
grown and is continuing to grow at a 
steady rate, and has reached an age 
equal to that of the unit of property 
having the longest useful service life 
in that particular property, and it can 
be assumed that there will be no un- 
usual changes in the art, any data taken 
from the records upon which annual 
losses due to depreciation could be 
based, would not be accurate. No 
property in the water utility field would 
provide such information. 

There are at present several theo- 
retical methods in use for estimating 
the annual rate of accrual of deprecia- 
tion and for which equivalent annual 
allowances are usually made. The 
most commonly used methods are: 


1. Straight-line method. 
2. Sinking-fund method. 
3. Service-life-present-worth method. 


The above methods call for establishing 
useful service lives for the different 
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units of property involved, which gy 
best can only be approximately op. 
rect. These service lives are usually 
taken from some table based upop 
average figures or what may appear to 
be average figures from some one or a 
few particular systems. Such average 
service life figures may not even ap. 
proximate the actual service life of the 
different units in the particular prop- 
erty for which annual allowances are 
being determined. Any one of the 
above methods might be used as a basis 
for annual allowances for depreciation 
if the results are checked frequently 
and adjusted in accordance with actual 
accrued depreciation. The straight. 
line method does not give results con- 
sistent with the facts, however, since 
the service value of utility property 
does not diminish as a straight line 
The sinking-fund and service-life-pres- 
ent-worth methods, while differing in 
theory, do not differ materially in re 
sults, and both recognize that, while a 
certain portion of the useful life has 
elapsed, the remaining service value is 
greater than indicated by the ratio of 
age to the estimated useful life. It is 
apparent that a depreciation reserve es 
tablished in accordance with these theo- 
retical methods, if not checked agains 
an engineering determination of the 
actual existing accrued depreciation, 
may soon become considerably greater 
or less than it should be. 


Allowance for Retirement 


Fortunately, these allowances which 
are made annually can be varied and 
the correct answer as to the correctness 
of the annual allowances is a periodi 
engineering determination of whether 
the balance in the retirement or de 
preciation reserve is adequate to cover 
the depreciation that has accrued i 
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any particular system at some fixed 
date. It is possible to make, within 
reasonable limits of accuracy, an engi- 
neering determination of the existing 
accrued depreciation at any certain 
time, based upon conditions prevailing 
at that time. Conditions may change 
later and cause the rate of diminution 
of service value either to increase or 
decrease, but for any current date, a 
reasonably accurate measure can be ob- 
tained for testing the adequacy of the 
reserve. If the amount is greater than 
needed, the annual allowances can be 
reduced, or if inadequate, they can be 
raised. Such a check, made periodi- 
cally, gives a logical and_ practical 
method of determining what such al- 
lowances should be, as well as checking 
the adequacy of the reserve. The de- 
termination of proper annual allow- 
ances for retirement or depreciation 
and the adequacy of a retirement re- 
serve are, from their very nature, en- 
gineering problems. Engineering ap- 
praisals of physical property are help- 
ful in setting up a proper system of 
accounts, and an engineering determi- 
nation of accrued depreciation is the 
best and only real means of knowing 
the actual amount of accrued deprecia- 
tion existing at any fixed date. 


Represents Trust Fund 

What the depreciation reserve really 
represents is the amount of deprecia- 
tion that has taken place in the prop- 
erty still in service, or, expressed an- 
other way, the property that has been 
used up in service and for which the 
utility has been compensated — for 
through rates. While it is not neces- 
sary to hold the retirement or deprecia- 
tion fund in cash, as it is usually more 
prudent to use the money for plant ex- 
tensions or debt retirement, it still is, 
in principle, a trust fund, held to replace 
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the used-up property when retired, and 
for which the consumer has already 
paid. It is evident that depreciation 
charges that are greater than actually 
needed would, if reflected in rates, 
place a greater burden on the consumer 
than is necessary or fair. Likewise, 
charges that are too low would be un- 
fair to the utility. 


Percentage Total Reserves 


The data obtained from the survey 
discussed above, show that in 107 cities 
recognizing depreciation in their ac- 
counting system, that the total re- 
serves in these cities is equal to 27 per 
cent of the total of depreciable prop- 
erty. This means, if that amount were 
justified, that 27 per cent of the de- 
preciable physical plant still in opera- 
tion had been used up in service, or, 
stated in another way, the physical 
plants have an over-all average physical 
and functional condition of 73 per cent. 
As the figure of 27 per cent is an aver- 
age, some of the systems have much 
larger reserves. It is believed that none 
of the plants reporting are in such low 
condition, as service would probably 
be impaired if they were. Most of the 
reserves in this group of cities appear 
to have been influenced largely by 
straight-line methods of determining 
annual allowances. It is a good ex- 
ample of why the straight-line method 
is, as generally applied, too drastic and 
also illogical when compared to what 
actually takes place in the long-life 
properties. This is especially true of 
most water works properties. While 
it is good practice to have a reasonable 
excess in the reserve to take care of 
unusual and unexpected retirements, 
it is believed that in those 107 cities, 
quite a number have been accumulat- 
ing reserves at a rate in excess of ac- 
tual requirements. 
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Many water departments are faced, 


with demands for transfer of cash to 
other city funds. Many of these de- 
partments could avoid serious deple- 
tion of funds if their accounting sys- 
tem recognized depreciation and if an 
adequate book reserve were maintained 
for retirement or depreciation, as well 
as an adequate cash reserve for exten- 
sions or debt retirement. Many cities 
carry large depreciation reserves in 
order to hold funds in the water de- 
partment, which purpose is often justi- 
fied; but it is believed that equal pro- 
tection would be available through 
other reserve funds and the account- 
ing be made more accurate thereby. A 
city may have the legal right to use 
funds from its utility department for 
other departments, but it should not do 
so unless the utility, by proper account- 
ing, is shown really to have excess 
funds. If such excess funds exist, it 
would seem proper to reduce rates 
rather than divert funds to other de- 
partments, as such practice is really 
indirect taxation. Utility department 
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officials should insist on keeping the de. 
partment sound financially, and resist 
as far as possible the transfer of needed 
funds, which practice is followed jn 
many places to the serious detriment of 
the department. A notice has just ap- 
peared in the press which states that in 
one fairly large city water rates are to 
be boosted 334 per cent, the increase 
being made to provide funds for post- 
war improvements including a sewage 
disposal system with, perhaps, a water 
softener and filter system. If the peo- 
ple in this city know all about what is 
to be done with money raised in this 
manner and are willing to be so taxed 
for it, the city no doubt has the right to 
adopt such a plan, and the case is only 
mentioned as an example of the use of 
utility funds for other departments, 

It is hoped that soon all the water 
departments in the country will realize 
the advantages of following a uniform 
system of accounting and a universal 
recognition of the necessity of includ- 
ing in such systems the proper account- 
ing for depreciation. 
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A Review of the Cost of Water Works Structures 


By Charles B. Burdick 


N every well-regulated system of 

water works, which finances its own 
operations, a part of the revenues must 
be spent to finance new construction. 
This is necessary in order to keep up 
with improvements in the art of water 
supply and to meet the growing require- 
ments of the public. 

In the preparation of estimates for 
construction work to be done in the fu- 
ture, it is often necessary to make esti- 
mates of cost well in advance of defi- 
nite knowledge concerning the details 
of the project upon which the money 
is to be spent. Up to the time that 
plans have been completed, such esti- 
mates have to be made on the basis of 
what similar work has cost on the par- 
ticular plant in question, or elsewhere, 
under circumstances such as those likely 
to be encountered in the future. 

It is the purpose of this paper to 
present the actual costs of water works 
structures covering reservoirs, water 
filter plant structures and pumping sta- 
tions. Although many of these proj- 
ects have been constructed recently, 
others have been well scattered over the 
past two decades. In order to make 
the data most useful for estimates, they 
have been placed upon a common price 
basis. This has been done by the use 
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of the Engineering News-Record Con- 
struction Index. All data have been 
adjusted to the Index Number 294 
which prevailed in September, 1943, 
and is approximately the same today. 


Engineering News-Record Index 


This index has the advantage of hav- 
ing been published monthly on sub- 
stantially the same basis for about 20 
yr. The figures cover the period from 
1903 up to the present time. It there- 
fore forms a convenient basis of com- 
paring construction costs of one period 
with another. 

The index is made up of four fac- 
tors: steel, lumber, cement and labor. 
These factors are weighed according to 
their relative importance, as follows: 

(1) 25.0 * the price of structural 
steel per cwt. at Pittsburgh, Pa. 

(2) 0.6 * the price of lumber per 
thousand bf. at New York. 

(3) 6.0 * the price of cement per 
bbl. at Chicago. 

(4) 200 X the price of common labor 
in dollars per man hour, the average of 
20 cities. 

The application of these factors to 
prices as they prevailed in the year 
1913 makes the resulting index 100. 
Thus, in the years before and since 
1913, the relative cost of construction, 
in general, may be shown on this basis. 

Figure | is a plotting of the Engineer- 
ing News-Record Construction Cost 
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Index from the year 1903 up to the 
end of 1943. In the years prior to 
1913, the diagram shows the average 
figure for each year. In the years 
subsequent to 1913, the diagram ap- 
proximates the variation in the price 
index from month to month during 
each year. 

It will be noted, on examining this 
diagram that there was comparatively 
little change in the price index from 
the year 1903 until the year 1915, when 
prices began to rise in this country fol- 
lowing the outbreak of war in Europe. 
The United States entered the war in 
April 1917, and shortly thereafter con- 
struction costs had risen substantially 
to double the costs prevailing in 1913, 
although there was a recession in the 
general price base near the end of 1917. 
Prices climbed again to a peak of 
about 275 in the middle of 1920. Fol- 
lowing this peak there was a depression 
in 1921 when the construction index 
dropped to about 160. This depression 


was short. Prices soon rose a little 


above the 200 line where they continued 


until the financial crash in 1929 when 
the cost of construction work again 
fell, reaching about 150 in the year 
1932. Since that time, the construc- 
tion index has gradually increased until 
it now stands just below the 300 mark. 


Material Costs as Related to Labor 
Costs 


Each type of construction might 
properly have an index of its own, for 
all prices have not varied in the same 
proportion to steel, lumber, cement and 
labor. Fundamentally however, almost 
all materials are closely related to the 
cost of labor which is becoming an in- 
creasingly important item in construe- 
tion cost with each decade. Indexes 
have been constructed that apply to 
special types of construction, but no use- 
ful index can cover all the factors that 
enter into variations in cost. The fol- 
lowing data, therefore, must only be 
considered as a general aid to judgment, 
modified by due consideration of the 
circumstances applicable to any par- 
ticular case. 
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Milwaukee, Wis. ) 
S. Coagulation basin >| Box, 2 story, covered 
N. Coagulation basin} 


Reservoirs 


In nearly every water works system 
is necessary to store water for emer- 
vency use, as in clear-water reservoirs 
v~onnected with filtration plants or in 
devated reservoirs where suitable ele- 
vated ground is available. Reservoirs 
ye also used as settling basins in con- 
yection with the filtrations and soften- 
ing of water. 

Prior to about 1900, most water 
works reservoirs were built by excavat- 
ing into the ground, using the excavated 
material to form an embankment, pud- 
ling the inside surface with 2 or 3 ft. 
f clay puddle and lining the structure 
with stone pavement, brick pavement 
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or concrete, usually 6 or 8 in. thick. 
Such reservoirs were seldom covered. 
Many reservoirs of this type are in use 
today after more than 70 yr. of use- 
fulness. 

Shortly after 1900, reinforced con- 
crete began to come into use for reser- 
voirs. When the construction of large 
filter plants of this material became 
practicable, covered reservoirs—rec- 
tangular in shape, with vertical sides— 
were constructed to economize space, 
and to facilitate future enlargements. 
Data hereinafter presented refer to 
reservoirs built of concrete. 

The accompanying Table 1 shows the 
cost of 31 reservoir projects as of the 
time they were built, the date of their 


TABLE 1 


Cost of Concrete Reservoirs 


Project Type 


lear Water Reservoirs } 

Ironwood, Mich..... 

Ashland, Ky..........| 

La Crosse, Wis.. ......?}Box, clear water, covered 

La Crosse, Wis... . | 

Springfield, Mo....... 

Louisville, Ky.........\|Circular, clear water,co vered 

Knoxville, Tenn.. . 

Milwaukee, Wis., )| 
Wash tank 

Kenosha, Wis.. 

Winona, Minn. aa 

Evanston, Ill..........?|Box, clear water, covered 

Racine, Wis........ | 

Denver, Colo. 

Paducah, Ky... 

Lansing, Mich. 

Knoxville, Tenn. 

Milwaukee, Wis. | 


N. Clear well....... -|Box, clear water, covered 
S. Clear well 
Louisville, Ky......... ) 
Mill Creek, Ohio. ......|Earth wood, covered 
Coagulating Basins 
Racine, Wis............|Coagulation box, covered 
Racine, Wis...........\|Coagulation basins, covered 
Springfield, Mo.. oa 
Laredo, Tex. . Coagulation, cir., open 
Cedar Rapids, lowa Coagulation, square, open 
Knoxville, Tenn........|Coagulation, earth, open 
Denver, Colo... . ..|Coagulation box, covered 


* Exclusive of rock excavation, 


.|Circular, clear water, covered 


| 
| 


| 152.7653] 3/26 | 1 


a 


| Con- 


Co | Cost Index | Cost Per 
tents | Per WI €X | Mil. Gal. 
Mil. Mil. en | Index 
Date | Built | 

Gal. Gal. 


294 
| 


8,194 | 8/20 | 0.125 | $65,500 | 252.0 | $76,500 
16.390 | 10/21 | 0.5 | 32.800 | 182.57] 53,000 
16,491 | 5/12 | | 16,491 | 91.0 53,000 
74,461 | 5/12 | 14.900 | 91.0 48,000 


1.0 
5.0 
70,885 | 1937 2.0 35,400 | 234.71 44,400 
30,900*| 10/26 1.0 30,900 | 209.80 43,500 
28.576 | 9/26 | 1.0 28,576 | 208.30} 40,400 
19,425 2/34 | 0.75 25,900 | 194.06 | 39,300 
67,400 4/26 25 27,000 | 207.05 38,500 
54,800 4/25 | 2.0 27,400 } 209.55 38,500 
103,918t| 2/34 | 50 20,800 | 194.06 31,600 
47,282 6/26 | 2.37 20,000 | 204.80} 28,800 
54,800 | 7/39 | 2.5 21,900 | 234.94 27,400 
173,000 11/35 10.0 17,300 | 194.90 26,200 
85.950 | 11/35 | 5.0 17,200 | 194.90 | 26,000 
55,730 9/18 3.5 16.000 | 193.85 24,300 
0.0 15,276 | 207.65 21,600 


| 130,233 3/35 | 9.55 13,600 | 194.26 20,600 
101,587 | 3/35 7.96 12,750 | 194.26 19,400 
305,489 


6/31 | 30.0 10,200 | 187.23 | 16,100 

207,924 | 9/42 |1 | 13.850 | 281.61| 14,400 


23,652 | 10/21 | 0.55 43,000 | 182.57} 69,400 
70,000 | 6/24 | 18 39,000 | 216.85 52,800 
97,000 | 11/38 | 2.43 | 40,000 | 234.40} 50,200 
74,770 | 1937 1.9 | 39,400 | 234.71 49,400 
34,351 | 7/27 1.67 | 20,600 | 203.68} 29,700 
65,525 | 6/29 | 3.17 20,700 | 205.65 | 29.600 
93,523 | 3/26 5.0 18,700 | 207.65 26,400 
143,900 | 11/35 | 8.8 16,300 | 194.90} 24,600 
254,710 3/35 | 21.54 11,850 | 194.26] 18,000 

21.54 11,850 | 194.26 18,000 


254,710 3/35 | 2 
| | 


t Includes breakwater. t Before repair. 


1S0 
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construction, water contents of the 
reservoir, the cost per million gallons 
as of the time built, the Engineering 
News-Record price base when built, 
and the cost per million gallons reduced 
to the price base of Index 294 which 
prevailed in September 1943, and which 
is substantially the price base at pres- 
ent. 

Figure 2 is a logarithmic scale plot- 
ting of the size of each reservoir ex- 
pressed in million gallons capacity and 
the cost per million gallons on the pres- 
ent price base. An examination of this 
diagram shows at once, as would be ex- 
pected, that the larger reservoirs can 
be constructed at a lower cost per mil- 
lion gallons capacity than the smaller 
reservoirs. It also shows that there is 
considerable difference in the cost of 
different jobs even though they are re- 
duced to the same basis of price. Some 
of the reasons for the variations can 
be explained, but some are only ex- 
plainable on the basis of the conditions 
that govern the prices bid at the time 
the work was done. 

Most of these reservoirs are of the 
so-called box type construction—the 
bottoms are substantially flat, the sides 
are substantially vertical and, in most 
cases, each is covered by a reinforced 
concrete roof surmounted by about 1 
ft. of earth, although more earth was 
used in some cases, particularly where 
weight was desirable to counteract up- 
ward pressure. 

In a few cases on the diagram, reser- 
voirs of special construction are shown. 
Thus, the Mill Creek Reservoir, with a 
capacity of 15 mil.gal., is comparatively 
low in cost, although it was a war job 
built in a great hurry. It is a rectangu- 
lar structure with sloping earth em- 
bankments, the bottom and side of 
which were puddled to increase water- 
tightness and covered with 6 in. of con- 
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crete as a pavement, the whole yr. 
mounted by a wooden roof supporte; 
on wooden posts. 

In a few cases the diagram show 
circular reservoirs, as in the case of the 
1.6-mil.gal. circular basins at Laredo, g 
1-mil.gal. circular reservoir at Knox. 
ville and a similar reservoir at Louis. 
ville. As would be expected, the cir. 
cular form of reservoir is slightly lower 
in cost per million gallons than the ree. 
tangular form. 

Generally, where a reservoir is used 
as a coagulation basin, it contains more 
division walls than are commonly buik 
in storage reservoirs and usually mor 
in the way of sluice gates to control the 
flow. It will be noted, however, tha 
quite as many coagulation basins or 
settling basins fall below the average 
line as fall above it, each coagulation 
job being noted by an appropriate sym. 
bol on the diagram. 

Figure 3 shows the number of yard: 
of concrete per million gallons capacity 
for most of the reservoirs shown or 
Table 1 and the pounds of steel per 
cubic yard of concrete in the respective 
reservoirs. 

It will be noted that the number of 
yards of concrete per million gallon 
capacity decreases in some function 6! 
the size of the reservoir, but tha 
the ‘“pounds-of-steel-per-cubic-yard” i 
practically independent of reservor 
capacity. It will also be noted that ther 
is some considerable variation in th 
yards of concrete per million gallon 
capacity. This is due in part, t 
foundation conditions and in part du 
to prevalence of upward pressure ani 
the necessity for thickening the floo’ 
and the roof. Upon soft foundation 
it is sometimes necessary to spread the 
column load as uniformly as _possibl 
over the whole floor area, whereas 
other cases, upon a hard bottom, smal 


Vol. 


1300 |_ 


1100 


800 


300 |_ 


200 


| 
[20 
3 
10¢ 
i 
r 
| 400 
1000 
| 700 
| 500 
a 400 
Ar 


Vol. 


le Sur- 
porter 


shows 

of the 
redo, a 
Knox. 
Louis. 
he Cir- 
lower 
he ree. 


used 
S more 
buil 
more 
rol the 
r, that 
Ins or 
verage 
lation 
sym. 


yards 
pacity 
Of 
el per 
rective 


ber of 
rallon: 
10n 
t tha’ 
rd” is 
t there 
in thd 
rallons 
rt, t 
rt du 
e an 
floor 
ations 
ad the 
»ssible 
eas it 

smal 


825 


fugust 1944 COST OF WATER WORKS STRUCTURES 
430000 
Pd | of Sept., 1943 
« | 30000 49 
Q| « 
10 
10000 
NOTE: 
FIGURES AFTER 
CITIES INDICATE 
0 YEAR BUILT 
2 345 10 20 30 4050 100 
CAPACITY IN MILLION GALLONS 
Figure 2 
1400 
1300 RESERVO/R CONCRETE Axo STEEL 
RELATION YARDS 26 CONCRETE 
PER MILLION GALLONS 
POUNDS OF STEEL 
PER CUBIC YARD CONCRETE 
“LY 
100 Leo 
600 
500 
400 Xs 
300 
200|_ pouNDS— OF PER CUBIC 
100 
0 
J to ae 1.0 20 3.0 4.05.0 10 20 30 4050 100 
CAPACITY IN MILLION GALLONS 


Ficure 3 


| 
| 
bat 
ae 
| 
| 
: 


826 


column footings are practicable, with 
the major part of the floor having a 
nominal thickness only. 

Most of these jobs have been de- 
signed on the basis of 16,000 psi. ten- 
sion in the steel and 650 psi. compres- 
sion in reinforced concrete. Recently, 
18,000 psi. and 800 psi. have been used. 
The Milwaukee project was designed 
for 20,000 psi. stress in the steel and 
1,000 psi. compression in the reinforced 
concrete (Fig. 4). All these reservoirs 
have been reinforced for temperature 
stresses. The horizontal steel in the 
walls has generally been 0.4 of 1 per 
cent at the top of the wall and about 
0.2 of 1 per cent at the base of the wall 
for walls ranging from 16 to 20 ft. in 
height. Roof slabs and floor slabs are 
designed to absorb the thrust of the 
walls with at least 0.2 of 1 per cent of 


Fic. 4. 
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steel added to provide for temperature 
stresses. 


Tests for Leakage 


The reservoirs have usually beep 
tested for leakage immediately after 
completion. At this time, a well-built 
reservoir, when filled with water, will 
show a water drop of 4 in. or less 
within a period of 24 hr. Usually the 
reservoir is allowed to stand full for a 
few days before a test is made. In 
some cases, particularly in the early 
reservoirs, a greater leakage was ob- 
served on test and contractors were re- 
quired under specification requirements 
to make repairs until substantially the 
figure above named was secured. 

With one exception, all the reser- 
voirs shown on this diagram were built 
as monoliths without expansion joints, 


Interior of One of the Large Clear Water Storage Reservoirs at the Milwaukee 
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TABLE 2 
Cost of Filter Plant Buildings 
_ Included 
Price 
of Cost tract Fe per I Sept. 5 
Plant Date cu.ft. | N 1943 wl 
Mad. R Index | =] Biss 
: 24 | 3 
Milwaukee, Wis. 200.0 
Foundation Front 
$ 232,172) 7/36 | 577,000] 40.2 | 204.40| 57.7 
Superstructure Front 
497,185) 7/37 |1,265,000| 47.2 241.75 57.5 | 
Filter House and Head | | ‘ 
House Complete. . . 1,708,907; — |7,534,000| 22.6 | 217.00} 30.6 
Filter Superstructure 418,241; 3/36 |2,025,000|] 20.7 | 201.20} 30.2 
Filters and Reservoir, | 
| 461,309} 8/35 |3,667,000| 12.6 195.10 19.0 | 
*Western Springs, Ill.....| 1.5 49,800} 6/31 146,600} 34.0 | 187.23) 53.5 |X|X|X|X|X 
*La Grange, Ill..........| 3.0 60,217} 9/38 | 147,500] 40.8 | 232.70) S16 |X|) X|X|X]_ 
*Cedar Rapids, Iowa... 12.0 233,000} 7/29 652,600|} 35.8 204.77 $i.$ | X x X 
New Albany, Ind. 19,500] 11/15 | 127,600] 15.3 | 101.06] 44.5 
Kenosha, Wis.......... | 6.0 44,372| 6/28 | 144,000] 30.8 | 206.15| 44.0 |x/]x 
| 6.0 52,918] 7/27 173,900 30.4 203.68 44.0 Xx Xx 
wie 133,122} 2/26 432,000 30.8 206.55 44.0 x x 
*Bloomington, Ill.. . | 5.0 210,000} 3/29 700,200} 30.0 207.78 | 42.4 xX|X}X|]xX|]xX 
Denver, Colo....... | 40.6 313,800} 3/36 |1,153,500| 27.2 201.20 39.8 x x 
*Columbus, Wis........ 0.71 9,988) 11/32 47,160; 21.1 | 158.20 | 39.2 x x xX Xx 
Sheboygan, Wis...... 12.0 238,710} 8/29 | 894.000/ 26.8 | 205.91| 384 |X|X|X]X]|xX 
"Glencoe, Ill... . . | 3.0 124,500| 6/26 | 498,600] 25.0 | 204.80] 360 |X 
*Waupun, Wis... 1.0 29,451 2/35 122,400; 24.0 196.02 36.0 xX Xx x xX : 
*Neenah, Wis.. . 2.0 87,330 7/36 358,000 24.4 204.40 35.0 
Louisville, Ky... .. .| 48.0 264,000} 10/26 |1,070,000| 24.6 | 209.80 | 34.5 
Knoxville, Tenn. 15.0 340,357} 3/26 |1,470,000} 23.2 207.65 32.8 | X 
‘Miami, Fla... 10.0 | 117/878} 9/24 | 'ss6.000! 21.2 | 211.28| x |x 
| 


| 
| 


* Softening Plants. 


It is practically impossible to build a 
large reservoir that will be entirely free 
from cracks if the concrete work is 
done in the warm season of the year. 
However, if the concrete is well rein- 
forced, these cracks will be compara- 
tively small. They are usually vertical 
cracks in the side walls, some of which 
become visible immediately on removal 
of forms, despite efforts to keep all 
concrete work moist and as cool as 
possible by flooding the flat work and 
the use of burlap covering kept con- 
stantly wet on side walls. 

Nearly all the reservoirs shown have 
reinforced concrete roofs surmounted 
by earth fill which also covers the side 
walls. Under such conditions, rein- 
forced concrete has quite a long life. 


Filter Plant Structures 


It is convenient to estimate the size 
of buildings by the cubic foot, and it is 
the most common practice to use the 
exterior cubic footage from average 
height of foundation to average height 
of roof, figuring the cubic footage for 
each part of the building separately and 
adding the same together. 

In building water filtration plants, 
the filters, filter house, head house, 
foundation and sometimes the mixing 
and coagulation basins are quite fre- 
quently let in one contract. 

Table 2 shows the costs of 18 filter 
plant buildings with accompanying 
structures together with the contract 
date, cubic footage, cost per cubic foot 
when let, price base when let (Engi- 
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neering News-Record price base) and 
what the present cost per cubic foot 
would be if reduced to the present price 
base of approximately 294. The last 
column in the table shows the items of 
work that are included in each contract 
cost. 


Building Costs Diagrammed 


Figure 5 shows the present costs per 
cubic foot plotted upon a logarithmic 
scale as indicated in Table 2. 


TABLE 3 
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is a comparatively low cost plant fy 
another reason, namely, because it 
tropical construction in which neithe 
the filters nor the settling basins ay 
covered. 


Pumping Stations 


Most of the pump housings are noy 
built in connection with the constryg. 
tion of filtration or softening plants jy 
which they are included in the filte 
plant structures. Table 3 shows the 


Cosi of Pumping Station Buildings 


Price Cost po 
| 

Pumping Stations | 
Brookfield Zoo Movable Well House |$ 4,160; 3/38 4,990 | 83.5 | 238.80 | 1030 
Ironwood, Mich. 2 (Sub.) each.... . | 4,822; 7/20 7,500 | 64.2 | 265.70} 710 
Louisville, Ky. (addition)......... | 94,900; 10/26 | 210,000 |} 45.2 | 209.80 63.5 
Des Moines (Booster Station) Iowa .| 17,700} 10/41 35,300 | 50.0 | 264.50; 55,7 
| 158,925 7/31 | 530,600 | 30.0 | 174.37} 505 
Ironwood, Mich. (Main)....... ..| 29,155 7/20 65,000 | 44.8 | 265.70; 495 
34,194| 10/21 | 130,000 26.4 182.60} 425 
Des Moines (21st St.) lowa....... | 220,479) 9/21 | 810,000 | 27.2 188.30 | 42.5 
Prairie du Chien, Wis.............| 21,017] 9/21 77,800 | 27.0 | 188.30; 423 
Grosse, Wis... 50,834] 11/12 | 484,000 10.5 100.00 | 309 
Orlando? 91,800} 9/22 | 510,000 18.0 | 185.00 | 286 

Auxiliary Buildings 
Des Moines (Warehouse) Iowa.....| 18,754} 5/22 | 111,000 | 16.8 | 164.6 30.0 
Des Moines (Garage) Iowa........ | 51,027} 5/22 | 390,000 | 13.1 | 164.6 234 


On this diagram, two lines have been 
drawn designated as Type A and Type 
B. Type A covers the more recent 
large plants with modern construction 
throughout. The line designated as 
Type B closely approximates the cubic 
foot costs of three small softening 
plants in which the type of construc- 
tion is not quite as good as in the case 
of the filter plants designated under 
Type A. 

It is noted however that the Miami 
plant, which is also a softening plant, 


cost of 13 water works pumping ste 
tions varying from large to small. This 
table shows the original contract costs 
the contract date, the cubic feet, t 
cost per cubic foot when built, t 
Engineering News-Record price of 
at the time when built, and the cost per 
cubic foot, as of the present time. 
Figure 6 is a plotting of these cubif 
foot costs. It clearly illustrates th 
great difference in the cubic foot cos 
of large buildings and small buildings 
as was the case in connection with tk 
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Fic, 7. Exterior View 20-Mil. Gal. Water Filtration Plant at Milwaukee. Settling Basix 
and Clear Water Reservoirs Are Constructed Beneath the Lawns 
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Fic. 8. Operating Gallery Denver Water Filtration Plant, Capacity 40 Mgd. 
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(iter plant buildings and reservoirs, al- 
though the difference is more marked 
in this table because some very small 
well houses have been included which 
require a very high price per cubic 
foot. 

Two lines have been drawn upon this 
diagram. Type A stations are better 
fnished than the stations typified by the 
line marked Type B. The Type B sta- 
tions have, in general, painted brick 
interiors except in the principal rooms 
where pressed or texture brick has been 
used. In the stations approximating 
the line Type A, enamel brick and tile 
have been extensively used in interiors. 

The accompanying photographs 
(Figs. 7, 8) illustrate some of the dif- 
ferences that have been mentioned in 
connection with the pumping station 
buildings and filtration plant buildings. 


Present and Future Costs 


Estimates for construction work to 
be done at the present time are very 
dificult to make. Any construction 
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work is likely to be considerably more 
expensive than would be indicated by 
the price base of labor and materials. 
This condition arises from the fact that 
materials and labor are difficult to ob- 
tain, the hazards of lump sum contracts 
are great, and profits if made are likely 
to be taken away from a contractor 
through taxation. It is not a condition 
where contractors are justified in tak- 
ing work under comparatively small 
margins of profit, which has usually 
been the case over the past 30 yr. ex- 
cept during the interruption to the 
orderly conduct of the construction 
work during the previous World War. 

It is assumed that the time will come 
after the war is over when an ample 
reserve of skilled labor and material 
will be available, at which time building 
construction can be expected to resume 
its orderly course. 

What will happen to the price base 
after the war is difficult to predict. In 
general, the costs of labor and material 
have continued to increase, with ups 
and downs, for a century or more. 
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Survival and Retirement Experience With Water Works 
Structures 


A Committee Report 


By E. H. Aldrich 


HE formation and work of the 

- Committee on Survival and Retire- 
ment Experience With Water Works 
Facilities resulted from many requests 
for factual information relating to the 
actual life in service of the many items 
of property making up a water system. 
These requests came from those who 
are interested in the management and 
operation of water companies, from 
municipal and financial administrators 
and from utility regulatory bodies. An 
important stimulus to the committee’s 
work was the fact that, at the time of 
its incepfion, the National Association 
of Railroad and Utilities Commission- 
ers, a body composed of representatives 
from the various utility regulatory com- 
missions, was at work, through a special 
committee, revising and preparing a 
complete and thorough treatise on de- 
preciation. This special committee in- 
vited the several branches of the utility 
industry to submit factual data which 
would represent the actual length of 
life of utility property in service. The 
depreciation report of the NARUC 


A report presented on June 14, 1944, at the 
Milwaukee Conference by E. H. Aldrich, 
Cons. Engr., New York, N.Y., and Super- 
vising Co-ordinator, Committee on Survival 
and Retirement Experience With Water 
Works Facilities. 
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Committee has been published in pre. 
liminary form. 

The S & R Committee, as it has come 
to be known, was authorized by the 
Board of Directors of the American 
Water Works Association at its Janu. 
ary 1941 meeting and promptly com- 
menced the collection of such factual 
information as would indicate the ac. 
tual lives of facilities pertaining to 
water works systems. Subsequently 
the New England Water Works As 
sociation voted to join in the study and 
appointed a committee to co-operate 
with that of the A.W.W.A. The com- 
mittee has had, since beginning work, 
the co-operation and financial support 
of the Institute of Water Supply Util: 
ties. 

Approximately 35 representative 
cities in the United States and Canada, 
some having municipally-owned and 
others having privately-owned water 
utilities, were invited to contribute 
their personnel and expenses to cat 
vass records of installations and re 
tirements of property units and abstract 
the required information. With few 
exceptions, these cities and companies 
generously agreed to furnish and funé 
the personnel required to compile the 
records of installation and retirement 
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of property which were necessary to de- 
termine the actual facts indicating the 
lengths of lives, the survivals and the 
reasons for retirements of facilities in 
their plants. 


Factual Information Valuable 


The results of a study such as the 
committee entered into have a variety 
of uses. In addition to the use of mor- 
tality studies as an element in the de- 
termination of depreciation and, there- 
from, the value of plant for rate, tax 
or purchase and sale purposes, or to 
determine cost of service to consumers 
outside municipal boundaries, there may 
be mentioned the use of property lives 
to forecast more intelligently the length 
of bond issues, to make plans for re- 
quired replacement programs, to de- 
termine the economic use of competing 
materials or equipment and to indicate 
whether increased maintenance or re- 
placement is advisable. It will be in- 
creasingly relied upon as a result of 
changes which are already occurring in 
the operating, managing and financing 
of water supply utilities. The prob- 
lems arising from these changes will 
affect municipal and private water 
utility departments to an increasing de- 
gree in the future and departments 
which have adequate survival retire- 
ment records will find them well worth 
while. 

Generally speaking, water plants are 
in the process of passing from an era 
of expansion, which has been required 
in the past to keep pace with the rapid 
growth in population, to one of stabil- 
ized operation serving relatively static 
communities. Proper evaluation of 
past performances and the differences 
to be anticipated under the future 
changed conditions can be made only 
when the records of the past are com- 
piled in usable and comparable form, 
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Briefly, it might well be of record 
value to describe the organization of the 
committee, the object of its work and 
the general method in which it was 
carried forward. 


Committee Organization 


Mr. Louis R. Howson, A.W.W.A. 
Past President, is Chairman of the 
Committee, which is made up of the 
following membership: J. Walter Ack- 
erman, Munnsville, N.Y.; Herbert H. 
Brown, Milwaukee, Wis.; Carl A. 
Eberling, Cincinnati, Ohio; Nelson A. 
Eckart, San Francisco, Calif.; John C. 
Flanagan, St. Paul, Minn.; Harry U. 
Fuller, Portland, Me.; George F. 
Hughes, Denver, Colo.; H. H. Hyman, 
Miami, Fla.; Samuel E. Killam (de- 
ceased), Boston, Mass.; Paul M. Kydd, 
New Yerk, N.Y.; L. G. Lenhardt, De- 
troit, Mich.; W. E. MacDonald, Ot- 
tawa, Ontario; Dale L. Maffitt, Des 
Moines, Iowa; Samuel B. Morris, Palo 
Alto, Calif.; Ben S. Morrow, Portland, 
Ore. ; John H. Murdoch Jr., New York, 
N.Y.; Reeves Newsom, Scarsdale, N. 
Y.; B. E. Payne, Louisville, Ky.; 
Walter M. Scott, Winnipeg, Manitoba ; 
M. S. Smith, Richmond, Va.; H. A. 
Van Norman, Los Angeles, Calif.; and 
Thomas H. Wiggin, New York, N.Y. 

The committee’s work was largely 
directed by an Executive Committee 
of the whole, consisting of the Chair- 
man, Mr. Howson, and Messrs. Len- 
hardt, Maffit, Newsom and Wiggin. 

The author was employed by the 
Committee as Supervising Co-ordinator 
to act for it in co-ordinating the efforts 
in the various co-operating systems and 
in assembling and compiling the in- 
formation received. He has visited 
each city one or more times to examine 
the records and to assist the local men 
in doing the detail work. 
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Object 


The object of the committee’s activi- 
ties was to collect into readily available 
and useful form, statistics regarding 
the lives of the principal elements of 
water works systems that have been 
retired and the ages of facilities which 
were still in service. Further than de- 
termining the number of years of serv- 
ice which have been rendered by items 
of property which have been replaced 
or abandoned, this study included the 
determination of the number of years 
which have been survived by elements 
of plants still in service. It has also 
attempted, without complete success, to 
record the conditions which have caused 
retirements and to determine the 
amount of salvage realized. 


Scope of Work 


The scope of the work has included, 
generally, the collection of records re- 
lating to the chief facilities used in 
water plants, which reveal the number 
and length of life of such facilities as 
have been used and retired, the num- 
ber and age of those still in service and 
the distribution by ages throughout the 
life span. 

Water works facilities lend them- 
selves generally to division into two 
groups, one consisting of items of like 
kind occurring in large numbers in all 
plants, and the other consisting of those 
few individual units in a system which 
are influenced as to type, size and length 
of useful life by the particular condi- 
tions under which they operate. These 
facilities, for the purpose of the com- 
mittee’s work, have been classified as 
follows: 


Class A Facilities 
Services 
Hydrants 


Mains 
Valves 
Meters 
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Class B Facilities 
Dams and Reservoirs 
Tunnels and Aqueducts 
Wells and Collecting Galleries 
Distribution Reservoirs 
Standpipes and Elevated Tanks 
Pumping Equipment 
Purification Plants 


The following table gives briefly the 
scope of the committee’s program as 
planned and the results accomplished 
in Class A facilities. Table 1 gives 
in more detail the cities where studies 
have been made and the number and 
facilities studied. The information as- 
sembled on Class B facilities is incom- 
plete, but such as was collected is in- 
corporated in the reports. 


Scope of Committee Activity 
(Figures Rounded) 
Class A Facilities 


Com- Incom- 
Planned pleted plete 
Cities 35 25 10 


Total 
population 10,000,000 4,700,000 5,300,000 


Mains—mi, 20,000 8,000 12,000 
Valves 30,000 20,000 10,000 
Meters 1,000,000 178,000 822,000 
Services 900,000 160,000 740,000 
Hydrants 80,000 13,000 67,000 


In addition to the work outlined in 
the cities given in Table 1, there was 
planned, and in certain instances the 
cities have completed, some work in 
Brooklyn, N.Y.; Louisville, Ky.; De- 
troit, Mich.; Los Angeles, Calif.; 
Madison, Manitowoc and Milwaukee, 
Wis.; Miami, Fla.; Cincinnati, Ohio; 
and Richmond, Va. The wide differ- 
ence in the work planned and com 
pleted, as far as quantities of units are 
concerned, is due primarily to not hav- 
ing completed the work in Los Angeles 
and Detroit, two of the largest cities 
in the program which, between them- 
selves, have nearly 50 per cent of the 
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number of facilities which it was pro- 
posed to study. 

Out of 35 cities having a population 
of about 10,000,000 where studies were 
planned to be made, this report includes 
those on 25 cities, covering a popula- 
tion of nearly 5,000,000. When it is 
realized that the projected program of 
the committee’s work covering the 
facilities studied constitutes nearly one- 
eighth of the total of all similar items 
in the United States and Canada and 
the mileage of mains would nearly en- 
circle the globe at the equator or reach 
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six times the distance from New York 
to Los Angeles, the extent of the pro- 
jected work can be better visualized. 
The records abstracted and _ studies 
made included 8,000 mi. of main out 
of 20,000 mi. planned, 20,000 valves 
out of 30,000, 178,000 meters out of 
1,000,000, 160,000 services out of 900,- 
000 and 13,000 hydrants of a total of 
80,000 originally planned. 

It was the aim of the committee to 
have the list of cities studied include 
various sizes and types of plants from 
various sections of the country. 


TABLE 1 


Summary of Cities and Facilities Studied 
Class A Facilities 


(Rounded Figures) 


|Hydrants 


Mains | Valves | Meters | Services 
| 
ft | mi each | each each ft. each 

(M) Springfield, Mass. | 2,197,000 | 415 | 
(M) Utica, N.Y. | 1,021,000 193 | 22,030 1,730 
(M) Philadelphia, Pa. '13,082,000 | 2475 | 
(M) Des Moines, lowa 2,082,000 | 394; 2,590; 40,700 3,730 
(M) Ottawa, Ont. 1,140,000 | 216 2,910 
‘P) Scranton, Pa. 1,174,000 | 222 
(P) Alexandria, Va. | 336,000 64 450 
(P) Clinton, Iowa 180,000 34 
(P) Huntington, W.Va. 891,000 | 169 
(P) St. Marys, Pa. 153,000 29 1,990 90 
(P) Commonwealth, N.J. 1,700,000 | 322} 2,520) 
(M) Portland, Me. 1,423,000 | 270 
(M) San Francisco, Calif. 1,361,000 | 258 | 
(M) Winnipeg, Man. 1,750,000 | 332 42,170 | 1,331,600 
(M) Denver, Colo. 6,225,000 | 1181 | 12,400 75,560 4,910 
(P) Jamaica, N.Y. 3,453,000 | 653 
(P) Babylon, N.Y. 230,000 44 300 390 
(P) Merrick, N.Y. | 223,000 42 520 620 
(P) Norwich, N.Y. | 134,000} 25/ 280 170 
(P) Sag Harbor, N.Y. 41,000 8 70 
(P) Syracuse (Sub.) N.Y. | 303,000 57 370 | 210 
(P) Rochester (Sub.) N.Y. | 530,000 | 100 820 | 790 
(P) Clyde, N.Y. 42,000 8 30 | 90 
(M) W. Palm Beach, Fla. | 405,000 77 
(M) St. Paul, Minn. | 3,339,000 | 632 68,490 

Total 43,415,000 | 8220 | 20,350 | 178,290 | 75,560 | 1,331,600 | 12,730 


(M) Municipal System. 


(P) Private System. 
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Because of the tremendous amount 
of detail tabulation work required, a 
study such as this takes a large amount 
of time and effort. Much has been ac- 
complished, but a great deal of work 
remains to be done to complete the 
original program laid down by the com- 
mittee. War activities have, of neces- 
sity, restricted and slowed down, and 
in some cases stopped, the efforts of 
those cities actively involved therein. 


Record Forms 


To secure the results desired in com- 
parable shape there were provided for 
those companies who desired to use 
them, two basic record forms for com- 
piling the data regarding Class A facili- 
ties. 

The first consisted of cards upon 
which were recorded on one side the 
installation of similar items by years 
and upon the reverse the amounts and 
dates of retirements of those items ap- 
pearing on the face of the card. 

The second was a tabular form prop- 
erly identified by title for each class of 
facility upon which was summarized, 
with a line for each year of original in- 
stallation and spaces for identification 
of retirements, the data collected on the 
cards. 

Facilities were classified by material 
of composition, type of construction or 
assembly or by manufacturer. Sets of 
cards and summary sheets for each 
class of facility were provided. 

Class B facilities, generally being in- 
stalled and retired as individual units, 
required individual summary sheets for 
each type of facility to record on them 
general descriptions and other pertinent 
data properly to identify the structure, 
its type, size, material of construction 
and, when retired, the reasons dictating 
the necessity for retirement. 


Vol. % 


Summarizing of Data 


The summaries of the records com. 
piled in each city were forwarded to 
the office of the Supervising Co-ordi- 
nator, where they were rearranged in 
a form satisfactory for the computa- 
tion of the mortalities of the particular 
facility studied. From the mortality 
computation sheets mortality survival 
curves were drawn to show in graphic 
form the results of the study. 

In an effort to place the results of the 
committee’s work before the Associa- 
tion as soon as possible, this report has 
been compiled from the material secured 
up to the present date and will be pub- 
lished in the JourNAL. While the com- 
mittee’s work thus may be considered 
as final, so far as the reports now com- 
pleted are concerned, there are several 
cities still working on the abstraction 
of their records and it is hoped that the 
usefulness of the committee’s work 
will be continued by subsequent com- 
pilation and presentation of additional 
information as it becomes available. 

The full report, to be printed in the 
JouRNAL or separately as soon as prac- 
ticable, will include substantially all of 
the summarized data from each city. 
It will consist of a short report covering 
the history and general description of 
each system, with summaries of the 
facilities, the records of installation and 
retirement which were compiled and 
studied in each city. Insofar as de- 
termined, tables will be given showing 
the causes of retirement and any sal- 
vage realized. The mortality survival 
curves computed from the information 
compiled will be shown in the report on 
each city. The basic mortality com- 
putation sheets, from which the mor- 
tality survival curves were determined, 
will be included in an appendix to the 
report. 
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This Report of the Committee on 
Survival and Retirement Experience 
With Water Works Facilities, cover- 
ing studies in 25 cities, will consist of 
some 250 pages of general descrip- 
tion and summaries and, in addition, 
will include 65 mortality survival curves 
based on 260 separate mortality com- 
putations. 

The collection and compilation of 
data in each of the co-operating cities 
was done in all cases by the personnel 
of the local water utilities except in 
the cases of Springfield, Mass.; Utica, 
N.Y.; and Philadelphia, Pa., which 
were compiled by or under the direc- 
tion of the Supervising Co-ordinator. 
The preparation and computation of the 
mortality survivals and mortality sur- 
vival curves were carried out in the 
office of the Co-ordinator. 

The co-operation of the individual 
members of the committee in those 
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cities where the work was actively 
prosecuted has been excellent. It is 
impossible accurately to estimate the 
numbers of man hours which have en- 
tered into the searching of the records 
and compilation of the results, but they 
have been exceedingly large. One city 
alone, Detroit, has expended over $12,- 
000 on its still uncompleted compilation 
of. records. The aggregate expendi- 
tures by participants may well run over 
$100,000. Without the generous dona- 
tion of this labor by the co-operating 
members of the Association who were 
engaged in the work of the committee, 
this report could not have been possi- 
ble. It is proper that the appreciation 
of the Association should be conveyed 
to the committee members and the per- 
sonnel of those cities and companies 
who have so generously given their 
time and effort to this very important 
work. 
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Mobilizing the Utilities for War 
By Edward Falck 


he June of each year during the war 
period, you have arranged to have 
representatives of the War Production 
Board meet with you and discuss the 
over-all problems in which we are 
jointly interested. However, the real 
work of the Board is not accomplished 
in conferences quite as large as this 
one. Usually we get together with in- 
dustry representatives to work out the 
details of WPB orders and regulations. 
In our efforts to be sure that the ad- 
visory group is representative, we have 
often increased the size of the meet- 
ings, but we have never, as yet, had a 
committee numbering 1,500. 

I will not undertake to explain to you 
the complicated features of Utilities 
Order U-1. Instead I will try to give 
you a general picture of the job that 
has been done to mobilize utilities, out- 
line the present situation and the 
changes that may be expected during 
the coming year. 

All of our thoughts are now concen- 
trated on the great battles that are 
being fought in France, Italy and in 
the seas and islands of the Pacific 
Ocean. We are proud to know that 
our Army, Navy and Air Forces have 
at their disposal the largest and best 
fighting equipment ever produced by 
any nation in the history of the world. 


An address presented on June 14, 1944, at 
the Milwaukee Conference by Edward Falck, 
Director, Office of War Utilities, War Pro- 
duction Board, Washington, D.C. 
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The amazing production job which has 
been done in this country has resulted 
from unprecedented co-ordination be- 
tween industry, labor and the govern- 
ment. All of our resources and ener- 
gies have been thrown together into 
one single integrated undertaking and 
no important segment of the American 
economy has failed to make its essen- 
tial contribution. While the job that 
has been done in producing munitions 
and weapons is well known to every- 
one, it is possible that many people 
have failed to recognize the important 
role which the utilities have played in 
war production. 

Tremendous quantities of  utility- 
type equipment are required directly by 
the military services—turbines and pro- 
pulsion equipment for the Navy ; radio 
and radar equipment for land, sea and 
air forces; power, water and telephone 
equipment for overseas use. The utili- 
ties themselves have been called upon 
to supply utility services to meet the 
ever increasing requirements for the 
production of raw materials and in- 
dustrial products, for factories and 
military establishments and for war 
housing and other essential civilian ac- 
tivities. 

As an illustration of the size of these 
war requirements in the water field, it 
takes 75 tons of water to produce 1 ton 
of ingot steel; 100 gal. of water to 
product 1 gal. of industrial alcohol; 
130 gal. to produce 1 Ib. of synthetic 
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rubber and 125,000 gal. of water to 
test a single airplane engine. Simi- 
larly, in the field of communications it 
takes 12,000 telephone calls to build an 
average bomber and 63,000 telephone 
calls to build a Liberty Ship. 

In order to meet military schedules 
and to assure the uninterrupted supply 
of utility services during the war, it 
was necessary to set up a large tem- 
porary governmental organization—the 
War Production Board. This board 
includes separate agencies or divisions 
responsible for every segment of 
American industry. The Office of 
War Utilities is the agency created 
within the WPB for the purpose of 
exercising the board’s wartime powers 
and responsibilities in the field of pub- 
lic utilities—electric, power, natural 
and manufactured gas, water, wire 
communications and central steam heat- 
ing—as well as in the field of utility 
equipment manufacture. The OWU 
operates on a semi-autonomous basis, 
comparable to the Petroleum Admin- 
istration for War, the Office of Rub- 
ber Director and the Office of Defense 
Transportation. 

Today the OWU is an established 
and smoothly operating organization. 
It has a charter from the chairman of 
the WPB authorizing it to exercise di- 
rectly virtually all of the WPB’s power 
in the public utility and equipment 
manufacturing areas for which it is 
responsible; a staff of approximately 
400 employes; an annual budget of 
about $1,130,000; some 14 Industry 
Advisory Committees on which more 
than 150 utility and business leaders 
serve without compensation ; harmoni- 
ous and effective working arrange- 
ments as to jurisdiction with other 
government agencies, and an adminis- 
trative-legislative framework of orders 
governing the flow of materials for 
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maintenance, repair, operating supplies 
and construction; the scheduling of 
equipment production and the curtail- 
ment of service during periods of short 
age. 

This was not always so. At the 
outset there was no staff, there were 
no orders and there was no established 
working relationship with industry or 
with other governmental agencies. The 
job to be done was totally undefined. 
Looking backwards, it is possible to 
identify the basic principles which have 
contributed to building up the organ- 
ization and getting the job done. 


Fine Personnel 


Perhaps the most important factor 
contributing to the development of the 
OWU has been the high quality of the 
staff that was assembled to do the job. 
The men who came to Washington to 
join the ranks of the OWU were far 
above the average in ability and cour- 
age. During the early days in 1941 
they endured the most disruptive work- 
ing conditions. Washington agencies 
were mushrooming all over the city. 
Temporary buildings were under con- 
struction. Floor space was at an all- 
time premium. At one time the Power 
Branch had only 35 sq.ft. per employee. 
Men had their desks in aisles. Some 
even worked in their hotel rooms for 
want of office space. Telephones were 
difficult to obtain and numbers were 
changed almost weekly. The offices 
and aisles were crowded with utility 
engineers trying to file priority applica- 
tions in person, applicants for jobs, 
purchasing agents, Congressmen, manu- 
facturers’ representatives, Chambers of 
Commerce representatives and inven- 
tors. The noise was terrific. Men be- 
gan work at 8 or 9 a.m. and rarely left 
their desks at noon; they did not quit 
until 9 p.m. and not infrequently, they 
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worked on until midnight. This went 
on six days a week with Sundays fre- 
quently thrown in for good measure. 

It was under these circumstances of 
stress that the basic thinking for the 
whole utilities program was done. In 
these noisy and crowded offices were 
developed the original Order P-46 
(now U-1), controlling materials for 
maintenance, repair and construction 
by electric, gas and water utilities; the 
original Orders L-50, P-130 and P-132, 
controlling wire communications utili- 
ties; the first power Limitation Order 
(L-16) providing for the pooling of 
power resources in the Southeast and 
the curtailment of power during the 
dought-created shortage ; the power ex- 
pansion program involving the installa- 
tion of approximately 7,000,000 kw. of 
capacity during 1942-1944. The men 
who came to the OWU in 1941 and 
1942 took off their coats and pitched 
in to do a job. They worked to a 
point just short of physical and men- 
tal exhaustion. 

Every effort was made to insure im- 
partiality in administering the war 
powers delegated to the organization. 
This quality of impartiality has been 
extremely important in the administra- 
tion of priorities. Considering the ef- 
‘fect of scheduling production on the 
affairs of competing manufacturers and 
of project approvals on the relative 
position of adjacent utilities, it is obvi- 
ous that each decision must be made 
with absolute objectivity and fairness. 


Cooperation Between Federal 

Agencies 

As the OWU developed, effective 
relations were established between the 
OWU and the federal and state agen- 
cies having an interest in utilities. Be- 
cause of the complexity and interde- 
pendence of the operations of the 


OWU vis-a-vis the Federal Power 
Commission, written agreements were 
consummated between the two agencies 
defining their respective functions and 
providing for conference and consulta. 
tion to iron out possible future difficyl. 
ties. An agreement covering electric 
power was signed on April 24, 1942 
and one covering natural gas on Sep. 
tember 11, 1943. Similar arrange. 
ments, both formal and informal, haye 
been worked out with other govern- 
ment agencies including the Federal 
Works Agency, Federal Communica- 
tions Commission, Departments of 
State, War, Navy, Interior and Agri- 
culture, the FEA, PAW, SFAW, 
WFA, ODT, NHA, ORD, Maritime 
Commission and others. 

There remained the task of develop- 
ing a mechanism for connecting the 
work of the OWU with the industry 
itself. This mechanism has been de- 
veloped and is operating. It includes 
many different methods of communi- 
cating information, ideas, requests and 
orders. It includes the personal visits 
of utility officials and manufacturers to 
the Washington office of OWU;; visits 
and inspections by OWU engineers of 
projects under construction; group 
meetings in Washington and in the key 
cities of each region in the country; 
and meetings of the 14 OWU Indu 
try Advisory Committees. This has 
been a fully reciprocal process and the 
flow of information and ideas has come 
both from industry to OWU and con- 
versely. 

It is also true that industry is con- 
scious that the OWU is a temporary 
war agency, and not a permanent in 
stitution. Accordingly, it is willing to 
submit to regulations and controls 
which would be deeply resented if they 
were to continue beyond the period of 
crisis. The OWU has made it plain 
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that it has no desire to regulate indus- 
try permanently. Controls are relaxed 
even during the war just as soon as the 
need for them disappears. 

At this point I should like to express, 
on behalf of the OWU, our deep ap- 
preciation to the water utilities for 
their good sportsmanship and_fore- 
bearance in dealing with us. Frequent 
changes in orders and errors in ad- 
ministration have been unavoidable, 
but notwithstanding these changes and 
errors the water works industry has 
given us its full confidence and sup- 
port from the beginning. 

It is for these reasons that it is 
meaningless to discuss separately the 
achievements of the utilities and the 
OWU. Their efforts have been joint 
and interdependent. Therefore, in the 
description that follows of the particu- 
lars of the OWU operating programs, 
it should be understood that the term 
OWU comprehends not only the staff 
of the organization itself but all of the 
instr'umentalities of industry as well. 


Office of War Utilities’ Operations 


The major functions of the OWU 
may be summarized as follows: 


1. Appraising major expansions of 

utility facilities. 

. Authorizing essential utility con- 

struction. 

3. Assuring materials for necessary 
maintenance, repair and operating 
supplies. 

4. Effecting the redistribution of in- 
ventories. 

5. Planning for allocations in case of 
shortages of utility services. 

6. Scheduling production of equip- 
ment. 

7, Programming requirements of utili- 
ties and manufacturers for critical 
materials. 

8. Co-ordinating conservation of fuel. 
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Appraising Major Expansions of 

Facilities 

The OWU recognizes as one of its 
most important responsibilities the 
guiding of major expansions of utili- 
ties’ facilities necessary to meet the 
tremendous war demands and arrang- 
ing with the industry for the construc- 
tion of such plant. Such planning and 
provision of facilities must meet the 
engineering tests of specifying enough 
material to do the job without using 
more material than is necessary for the 
purpose. 

An adequate amount of capacity has 
been installed so that demands have 
been met in all sections of the country. 
At the same time there have been no 
unnecessary installations, no installa- 
tions representing an unsound diver- 
sion from the remainder of the war 
program. This result was not accident 
or good fortune. It resulted from 
painstaking and remarkably precise 
estimates of capacities and war loads 
for each area and the co-operation of 
the industry in proceeding with the 
construction and other arrangements 
necessary to meet the indicated deficits. 
The precision of the planning was the 
consequence of a stupendous amount 
of detailed work and combined consid- 
eration to many seemingly unrelated 
factors. These factors included the 
new loads to be imposed by extraction 
of ores and reduction of ores to base 
metals for the aluminum, magnesium 
and steel industries; the demands of 
thousands of new and expanded indus- 
trial plants, both large and small, con- 
tractors and subcontractors; demands 
of air and naval bases, cantonments 
and other military establishments ; new 
requirements for war housing and other 
new civilian activities; allowances for 
longer-shift operation of factories; 
some reduction in non-war civilian 
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loads; movements in population; re- 
liance on lower margins of reserve 
capacity than are customary in peace- 
time operation. 

The government took a good deal of 
responsibility at times in disagreeing 
with local authorities as to what was 
needed to safeguard water supply, and 
just as soon as wartime needs are met, 
we want to turn that responsibility en- 
tirely back to the people to whom it 
belongs. There is only one reason for 
a national agency far removed from 
the location where the problem exists 
to substitute its judgment for the judg- 
ment of the operating people in the 
community, and that is the scarcity of 
materials. We are as anxious, as the 
water works industry is to reverse that 
situation. 

Authorizing Needed Utility Construc- 
tion 

Administering a system for author- 
izing and assigning priorities assistance 
to utility construction is a challenging 
and tremendously difficult task, not 
only because of the physical volume of 
the detailed work involved, but also be- 
cause of the dual and sometimes con- 
flicting responsibilities of permitting 
all utility construction essential to the 
prosecution of the war and of divert- 
ing the largest possible quantity of ma- 
terials to direct war purposes. 

At the start there were no rules. 
The only guide was the fundamental 
purpose of the process—to make ma- 
terials available for national defense. 
The OWU early developed some gen- 
eral principles to guide the staff in 
processing applications. The most im- 
portant of these are the test of essen- 
tiality, the rule against duplication of 
facilities, and the rule that service 
should be furnished by the facilities 
which require the least use of critical 
materials. 
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No new production facilities are ap- f 
proved unless there is clear evidence : 
that they are needed to avert a short. : 
age. Wherever a new load can be rf 
served by either one of two utilities li 
the utility which can render service 
with the lesser use of critical materials . 
is preferred. If a utility seeks to build pe 
a line which would result in unneces. as 
sary duplication of the facilities of an- |... 
other utility, it is denied authorization we 
and priorities assistance. qu 
When the course of the war permits, to | 
these restrictions will be promptly re. |, 
laxed in order to permit a return to the | wa; 
normal practice of consumers’ choice, | ser 
At the present crucial stage of the war, | cap 
there is no justification for relaxation, } mo: 
Conflicts between applications filed | ado 
by competing systems will be resolved} diti 
by the WPB in the future as they have j may 
been in the past; that is, the applicant fplic 
who requires the least materials tofrule 
render service will be given the neces-j feel 
sary WPB approval. This rule has al-§ prov 
ways been subject to exceptions in ap-§Ord 
propriate cases, and in those rare in-fkno 


stances where an exception is justified fof t 


it will be made. 
must continue to operate on the as 
sumption that, in the absence of the}! 
most exceptional circumstances, the 
system that can render service with the 
least materials is the only system which 
can secure WPB approval for an ex 
tension. 
This policy sometimes causes real 
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ties and the OWU. Accordingly, 
rn are given authorization, under 


e “U” Order applicable, for small 
fot additions providing certain con- 
jitions of essentiality and conservation 
are met. 

It was also recognized in 1941 and 
early 1942, that requests for utility 
service by new customers under war- 
time conditions would reach record 
proportions and that many of these re- 
quests would not be of an essentiality 
to the war which would justify the use 
of critical materials at the expense of 
war demands or the endangering of 
grvice to existing customers where the 
capacity of existing facilities was al- 
most reached. Accordingly, rules were 
adopted by the OWU defining the con- 
ditions under which new customers 
may be connected and requiring ap- 
plication to OWU for waiver of the 
rules where the customer or the utility 
jeels an exception is merited. These 
provisions, contained in Utilities 
Orders U-1, U-2 and U-6, are well 
known to the industries. The policy 
of the OWU is to make the adminis- 
tration of these restrictions as simple 
as possible and accordingly the condi- 
tions prescribed are changed as fre- 
quently as the situation as to critical 
materials makes such changes advisa- 
ble. 

The magnitude of the task of proc- 
essing applications is indicated by the 
iact that for 1943, total correspond- 
ence amounted to 582,000 items, repre- 
senting 140,000 priority applications, 
82,000 appeals from limitation orders, 


and 360,000 letiers. 


Mssuring Materials for Necessary 
Maintenance, Repair and Operating 
Supplies 


The job of assuring a prompt flow of 
naterials and equipment to utilities for 
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maintenance, repair and operating sup- 
plies has been accomplished through 
Utilities Orders U-1, U-3 and U-4. 
These orders, and their predecessors, 
cover electric, steam heating, gas, 
water, telephone, and telegraph utilities. 
The orders have gone through a long 
(and at times tortuous) evolution, but 
the basic purposes have remained the 
same. These were to provide a top 
priority for utilities so that they could 
secure necessary materials for repairs 
and maintain the continuity of their es- 
sential service, and at the same time re- 
strict the utilities’ use of this priority 
in order to prevent the accumulation of 
excess inventories. 


Effecting the Redistribution of Inven- 
tories 


Because of the acute shortage of 
steel, copper and aluminum, and the 
competing demands for many items of 
utility equipment in 1942, it was evi- 
dent that a serious attempt should be 
made to-establish a practical working 
minimum inventory for utilities, define 
as excess that part of the total inven- 
tory which exceeded the limits of the 
practical working minimum and effec- 
tuate the redistribution of the excess. 
The mechanics for accomplishing this 
end differed somewhat between elec- 
tric, gas, and water utilities on the one 
hand and telephone and telegraph utili- 
ties on the other. 

Originally, a catalog was made of 
copper wire and transformers on hand 
in the warehouses of the various utili- 
ties. Later the National Association 
of Purchasing Agents developed a plan 
for promoting the redistribution of ex- 
cess stocks. In many states the water 
utilities developed or expanded their 
mutual aid systems so as to effect a 
substantial redistribution and conserva- 
tion of materials. Finally, the OWU, 
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with the help of the utilities and their 
purchasing agents, set up an Inven- 
tory Control Branch and a field or- 
ganization consisting of regional utility 
engineers assigned to the thirteen prin- 
cipal field offices of the WPB. Utili- 
ties are required to clear certain pur- 
chase orders with the regional utility 
engineers prior to placing order with 
suppliers. If the regional utility engi- 
neer can locate the desired items in the 
excess stock of another utility in the 
same area, the purchasing utility is di- 
rected to negotiate with the utility hold- 
ing the material. 

The method followed in the case of 
telephone and telegraph utilities is for 
the Communications Division to pre- 
pare lists of excess material available 
in inventory and to distribute these lists 
widely to the industry to facilitate di- 
rect negotiation for the purchase of 
these items. We are coming pretty 
close to the end of the need for this 
program, and in a few months manda- 
tory redistribution of stocks could be 
eliminated. 

By these means, and also by requir- 
ing utilities to use up their own excess 
stocks before placing orders with sup- 
pliers, inventories were brought down 
by about $75,000,000 during the period 
from June 30, 1942 to December 31, 
1943. This reduction represents ma- 
terials, labor, and shop space in the 
factories of the equipment producers 
that were saved through the redistribu- 
tion activity. 


Planning for Allocations in Case of 
Shortages of Utility Service 


In the power field there has been no 
shortage during the war requiring a 
curtailment of service. However, in 
early 1942, at a time when war loads 
were increasing substantially and more 
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rapidly than capacity, the possibility of 
power shortages had to be anticipated 
and the Power Branch issued Limita- 
tion Order L-94 on May 1, 1942. 

The order provided for integrated 
operation of all interconnected power 
facilities in each area of the country, 
In areas where the margin of spare 
capacity was low, detailed steps were 
worked out with utilities for dropping 
certain loads in an emergency in order 
to maintain voltage and hold the sys- 
tem together. Classes of exempt and 
non-exempt consumers were listed in 
the order to guide the utilities in mak. 
ing curtailments should they be neces- 
sary. 

In the fields of natural and manv- 
factured gas, limitation orders com- 
parable in purpose to L-94 in the power 
field have been issued. 
(formerly L-31) is the order applica- 
ble to natural gas utilities and Order 
L-174 to manufactured gas companies 
These orders, in addition to prohibiting 
new space heating installations in areas 
where supply is tight and requiring the 
review of new industrial applications, 
provide for an orderly sequence of cur- 
tailment during periods of gas short- 
age. The curtailment provisions have 
frequently been applied during periods 
of winter peak consumption. — The 
orders have assured a continuous sup 
ply of gas to the top priority war con 
sumers at the expense of the less es- 
sential users of service. 

While it has not been necessary te 


curtail service by water utilities, the ; 
OWU has participated in local “save} 
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In the telephone industry the effort 
to reduce the load on local and long 
distance facilities have principally beer 
by publicity campaigns conducted 
the industry itself. 
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Scheduling Production of Equipment 


At the beginning of the emergency 
the United States was not immediately 
prepared for the unparalleled Navy 
and Maritime construction program. 
Under the guidance of the Navy De- 
partment, Maritime Commission and 
the WPB, American manufacturers of 
utility type equipment were called upon 
to produce marine propulsion equip- 
ment, boilers, diesel engines and aux- 
iliary facilities for the great shipbuild- 
ing program. Initially there was more 
direct conflict between the utility equip- 
ment and the turbines and auxiliaries 
required by the Navy and Maritime 
Commission than for any other single 
class of industrial production. The 
OWU co-operated with the Navy and 
Maritime Commission by releasing the 
facilities of manufacturers to the maxi- 
mum possible extent. 

The OWU had to adopt a “tough” 
attitude in reviewing its own utility ex- 
pansion program. Every project was 
reviewed from the standpoint of its 
necessity and relative urgency, and ap- 
proval was given only where the facts 
disclosed the existence of a critical 
situation. 

A battleship of the New Jersey class 
requires approximately 200,000 hp. of 
turbine capacity for all purposes— 
enough power to take care of five cities 
the size of Albany, N.Y. At the pres- 
ent time the capacity of the main pro- 


|} pulsion units of all types for the Navy 


is approximately equal to the total in- 
stalled generating capacity in all power 


)} plants in the United States. 


Early in 1942 the OWU developed 


turbine scheduling Order M-76, which 


was the first order scheduling regula- 


#tion to be issued by the WPB. Sub- 


sequently, scheduling orders L-117, 
M-293, etc., were issued covering all 


MOBILIZING THE UTILITIES FOR WAR 


845 


types of heavy utility equipment, in- 
cluding boilers, condensers, switchgear 
and related electrical equipment. These 
orders provided four important advan- 
tages: 

(1) The schedule of the manufac- 
turers was fixed or frozen for produc- 
tion so that the manufacturer could 
plan his work well in advance and out- 
put could be maximized. 

(2) Prior to freezing manufactur- 
ers’ schedules, a careful study was 
made of the relative urgency of all 
orders placed with the manufacturer, 
individual consideration being given to 
each order. 

(3) The OWU, in co-operation with 
the military and non-military claimants, 
achieved a spreading out of the back- 
log on the books of the various manu- 
facturers so the backlog on all manu- 
facturers in the same industry was 
evened out to some extent, preventing 
one manufacturer from having a back- 
log of 12 or 15 mo. and another a back- 
log of only 1 or 2 mo. (That tended to 
increase total output in the country far 
beyond what it would have been had 
there been no intervention in that field. 
It also helped to force a certain amount 
of subcontracting where it was neces- 
sary.) 

(4) This method provided almost 
absolute control of production, being 
particularly suitable for meeting the 
emergencies. 

Scheduling of production was par- 
ticularly important because of uncer- 
tainty with respect to long-term require- 
ments of most claimants. For example, 
in the spring of 1942, no one knew pre- 
cisely how much steam would be re- 
quired for the synthetic rubber pro- 
gram or how many mechanical-drive 
turbines would be required by the avia- 
tion gasoline program. Since turbines 
and boilers were such a controlling item 
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in the successful completion of the 
synthetic rubber and high octane pro- 
grams, it was particularly important 
that estimates be made of requirements 
so that capacity could be reserved in 
manufacturing plants for fabrication 
of the necessary components. Hydro- 
turbines interfered with extrusion 
presses for aluminum. Oil circuit 
breakers and switching equipment in- 
terfered with switchgear for ship use. 
Radio and radar transformers inter- 
fered with distribution transformer 
production, etc. 

The scheduling job from the very 
start has meant working in intimate 
relationship with the Office of Lend 
Lease Administration in the develop- 
ment of technical studies and programs 
for equipment delivered to China, Rus- 
sia and the other United Nations, and 
with Treasury Procurement in follow- 
ing these projects, through to comple- 
tion. This equipment includes power 
plants of all types, industrial boilers, 
truck-mounted diesels, power trains, 
and many other items of utility equip- 
ment. 

The problem of scheduling and pro- 
duction control is not at an end. Con- 
sideration is now being given to de- 
termining sources of supply for utility 
equipment that will be needed in relief 
and rehabilitation of re-occupied coun- 
tries in Western Europe. 

All of you who know the vital and 
essential character of water service for 
the needs of the community might 
speculate on the situation in some of 
the larger communities, particularly 
those in the 50,000 or 100,000 popula- 
tion bracket, in the event that the 
enemy follows a “scorched earth” policy 
in retiring from Holland, Belgium and 
France. It will be part of our job, as 
well as that of the Canadians and the 
people of the United Kingdom, to see 
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that the right type of equipment js 
available, is shipped, warehoused, de. 
livered and installed in order to pre. 
vent the most complete disruption of 
economic life and the most complete 
menace to health that the world has 
ever seen. That job is beginning noy 
and it will probably rank very high jp 
importance. 


Programming Requirements of Utili- 
ties and Manufacturers for Critical 
Materials 


Part of the job of the WPB is to 
interrelate all of the war programs 
within the limits of our materials ca- 
pacity. This job is carried out within 
the WPB by the program vice-chair. 
man, who is also chairman of the Re. 
quirements Committee. The OWU 
is established as a claimant agency an( 
as such has membership on the Re 
quirements Committee. Other mem. 
bers are the Army, Navy, Maritime 
Commission and the major non-mili- 
tary claimants. Each of the claimant: 
presents claims for its programs state( 
in terms of tonnages of steel, alumi 
num, copper and other materials. Lum 
ber will soon be added to this list. The 
national supply of these critical ma- 
terials is compared with the total oi 
the several claims, and downward at- 
justments are made in the programs ti 
bring supply and requirements into bal: 
ance. This is the essential part of the 
planning mechanism known as the Cor: 
trolled Materials Plan. The informa. 
tion on military and indirect militar 
programs is brought to a final syr 
thesis at the Requirements Committee 
It is through this mechanism tha 
knowledge is obtained concerning whic! 
resources are really critical, which areaj 
require additions to capacity, and whic 


programs must be cut if supplies a 
short. The application to the field o 
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utilities of program changes brought 
about ultimately by changes in the 
strategy of the war is the fundamental 


part of the job. 
Co-ordinating Conservation of Fuel 


During 1942, the severe shortage of 
fuel oil on the East Coast made it 
necessary for practically all electric 
utilities to convert their generating 
plants from fuel oil to coal. This was 
carried out by the industry on a volun- 
tary basis and represented one of the 
outstanding conservation programs. 
Similarly, during the last year the utili- 
ties on the West Coast have rearranged 
their operations to use hydro power and 
natural gas, thereby saving fuel oil 
which is urgently needed for naval 
operations in the Pacific. 

The country is now confronted with 
a very tight situation in anthracite and 
bituminous coal. War requirements 
for coal have continued to increase 
while production has not kept pace with 
requirements. There have been many 
labor difficulties in the mines and, apart 
from these, thousands of coal miners 
have been drafted for military service. 
Because of the threatened coal short- 
age, the utilities, particularly electric 
and manufactured gas utilities, spon- 
sored a national conservation campaign 
in the fall of 1943. From present in- 
dications it appears that there will be 
a grave coal shortage during the winter 
of 1944-1945 unless present require- 
ments can be reduced and production 
increased. If such a coal shortage de- 
velops the utilities will join in an in- 
tensified drive for fuel conservation. 
The OWU is working closely with the 
Solid Fuels Administration for War 
and with the utilities for the purpose 
of co-ordinating such conservation. 
Further to this end, the OWU has 
been active in recommending to Con- 


MOBILIZING THE UTILITIES FOR WAR 


847 


gress the retention of war time. It is 
estimated that war time has reduced 
peak loads in the country by 1,500,000 
kw. and has saved about 1,500,000,000 
kwhr. annually, which is equivalent to 
a saving in coal of 1,000,000 tons per 
year. 


Reconverting Utilities From War- 
time to Peacetime Operations 


The problems of reconversion are 
today occupying a central place in the 
plans of executives in industry and 
government. The achievement of pro- 
duction goals for the final quarter of 
1943 and during the first 6 mo. of 1944 
has eased the supply situation in the 
case of many basic raw materials. For 
example, aluminum is no longer in 
short supply. Except for flat-rolled 
products, supply and requirements of 
steel are in balance. In the broad field 
of industrial products there is only a 
handful of critical components today as 
compared with hundreds a year ago. 
The materials shortages that still exist 
are localized rather than generalized. 
Serious manpower shortages exist only 
for certain classes of labor and in cer- 
tain industrial areas of the country. 
With a further improvement in the 
strategic situation it is to be expected 
that the total military procurement pro- 
gram will be cut back, contracts will 
be terminated and materials, facilities 
and men will be released from direct 
war work. 

This change-over from war to peace 
work must be accomplished with the 
greatest care, since on the one hand a 
sudden uncontrolled reconversion would 
jeopardize the fulfillment of continuing 
military schedules and, on the other 
hand, prolonged hesitation and delay 
would result in unemployment and in 
waste of manpower resources and in- 
dustrial facilities. 
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In the general industrial field recon- 
version is complicated by the necessity 
for taking into account many diverse 
issues of public policy. 

There is the question of competition 
between small and large enterprises, 
prime and subcontractors, old and new 
businesses, privately-owned and gov- 
ernment-owned plants, etc. There is 
the further question of selecting the 
particular plants which will be per- 
mitted to convert as against those which 
will continue to produce war material. 


Priority Control in Peacetime 


For the utilities, many of the fore- 
going problems either do not exist or 
will prove to be comparatively simple. 
The basic production or generating 
plant used to serve war loads is the 
same as to serve peace loads. Some 
arrangement of transmission and dis- 
tribution plant will, of course, be neces- 
sary. Generally speaking, utility serv- 
ice can be reconverted overnight to a 
peacetime basis. The OWU plans to 
remove restrictions on the use of ma- 
terial—restrictions on design, construc- 
tion, inventories, etc.—just as soon as 
such relaxation can be put into effect. 

That is not tomorrow and it is not 
going to be done merely because the 
beachhead which has been established 
is good firm beachhead, but it will be 
done just as soon as there is obvious 
evidence that the restrictions are not 
necessary. 

For large construction projects it 
will probably be desirable to continue 
priorities control, at least during a 
period of 6 mo. or a year during which 
time the sequence for completion of 
large projects should be determined in 
terms of relative urgency. 

The reason for that is that during 
the war some very worthwhile projects 
were deferred. There are many specific 
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cases, the denial of which resulted jy 
severe financial hardship and in high 
operating costs. Those applicants who 
are holders of revoked or suspended 
projects should be given very special 
consideration. 

On the other hand, if all control over 
large projects were rescinded over. 
night, it is possible that orders would 
pick up and jam and nobody would get 
anything. It would be a situation ana. 
logous to the one in the fall of 194] 
and the first 6 mo. of 1942 when the 
order boards were so crowded that the 
deliveries fell behind. 

The. manufacturers of utility type 
equipment are in a position which lends 
itself to rapid and uncomplicated rte. 
conversion. Many of these manufac. 
turers have been making the same or 
substantially similar items of equipment 
for the armed forces during the war as 
they made for the utilities before the 
war. Machine tools and skilled labor 
can again be devoted to peacetime uses 
with a minimum of change-over dif. 
ficulties. There will be few new ma- 
chine tools required and very little new 
employee training. As a matter of fact 
during the period just ahead it may be 
desirable to permit partial resumption 
of production of utility equipment in 
these plants while they continue to be 
engaged in filling direct war orders 
The value of such partial resumption 
is that it will maintain intact the nu- 
cleus of the organization to be available 
to meet any future military production 
crisis which we cannot now clearly 
anticipate but for which we must bk 
prepared. 

In considering approval of large 
utility projects the OWU will con- 
tinue to assess their essentiality and 
urgency as well as their impact 0 
manufacturers’ facilities. If the equip 
ment for such projects can be produces 
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without substantial conflict with war 
orders, approvals will be granted. 
Here the question of conflict will have 
to be studied, not only from the stand- 
point of use of facilities, but also from 
the standpoint of the use of men within 
the manufacturing plant itself and 
within the labor area in which the manu- 
facturing plant is located. The pres- 
ent projection of Army, Navy and 
Maritime Commission programs in- 
dicates the possibility of a rather sub- 
stantial resumption of utility equipment 
manufacture during the next 12 mo. 


Conclusions 


The important fact is that no war 
plant has ever been held up because of 
lack of service. Utility systems have 
provided all of the facilities needed by 
every factory and by every military and 
naval establishment. At the same time, 
they have carried their regular civilian 
loads. To do this, it has been necessary 
to increase installed capacity and to 
operate both old and new capacity at 
abnormally high-load factors and for 
unusually long hours. 

The author believes everybody in 
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Washington realizes the difficulties that 
the utilities have had in maintaining 
their labor force. With Selective Serv- 
ice losses and withdrawals into other 
industries, there has been a great shrink- 
age of personnel. One of the great 
outstanding managerial achievements 
has been that the utilities have been 
able to do their construction and main- 
tain their service in spite of real handi- 
caps on the manpower front. 
Through improved design and engi- 
neering practice, through wide inter- 
connection and co-ordination of facili- 
ties, through unique resourcefulness in 
overcoming the countless handicaps 
which war conditions impose, the utility 
systems have made good their pledge 
that service would never be too little or 
too late. By economizing to the limit 
in the use of materials, equipment, 
manpower and fuel, the job has been 
done without interference with the 
urgent military programs which depend 
for their execution on the same scarce 
resources. The employees and the man- 
agers of the country’s utility systems 
deserve the highest esteem of the na- 
tion for this remarkable performance. 


. 
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Program and Policies of Water Division 


Office of War Utilities 
By Arthur E. Gorman 


a: his address two years ago, at the 
Chicago meeting of the American 
Water Works Association, Edward 
Falck’s predecessor, J. A. Krug, placed 
squarely before water utility operators 
of the nation the problems which had 
to be faced in support of the war. He 
requested co-operation in reducing 
water utility inventories so that critical 
material urgently needed for the war 
construction program might be made 
available from excess stocks. He also 
announced the decision to organize a 
water section in the Power Branch in 
order that the pressing problems in- 
volving both the water utility and the 
War Production Board might be solved 
on a basis of mutual understanding and 
co-operation. During the two years 
which have passed since that meeting, 
world events of profound importance 
have occurred, reaching crescendos in 
war production and military actions al- 
most beyond belief. 

This paper is a discussion of some 
of our common and immediate prob- 
lems and responsibilities, pending the 
indicated outcome of the campaign for 
liberation of Europe just begun; a 
comparison of the current availability 
and use of materials and manpower 


An address presented on June 15, 1944, at 
the Milwaukee Conference by Arthur E. 
Gorman, Director, Water Division, Office 
of War Utilities, War Production Board, 
Washington, D.C. 
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with that of former years; and a report 
of some of the methods and results of 
our co-operative effort since the Water 
Division was organized to represent 
and serve the water utility industry 
within the WPB. 


The Current Situation 


For the present, and until favorable 
military decisions dictate otherwise, it 
is the plain duty of every water utility 
to “hold the line” that manpower and 
materials may be diverted quickly and 
effectively into whatever channels are 
necessary to meet military contingen- 
cies. This does not mean that plant 
maintenance should be deferred or that 
must projects should be stopped. Sup- 
port of the war effort at this critical 
stage makes it imperative that such 
work go on, and materials will be made 
available to water utilities for these 
projects. But, obviously, deferable 
and non-essential projects should be 
held up and long-term projects should 
not be pressed until more stable con- 
ditions as to materials and manpower 
are assured. While we wait, however, 
we can plan, and if we plan well, we 
shall be better able to meet wartime 
contingencies and to adapt our pro 
grams to the changes in conditions 
which are sure to follow in the wake 
of war. Never before has the respon- 
sibility of water utilities been heavier, 
never before has the backlog of de- 
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ferred utility construction and main- 
tenance been greater, and never before 
has organizing ability and ingenuity 
been at a higher premium. 

So long as our economic system is 
dislocated by war, and later, in the try- 
ing transition period when war require- 
ments give way to reconstruction needs, 
obtaining materials for water utility 
construction programs is likely to offer 
some real problems. The Water Di- 
yisions recognizes your patience with 
and concern over continued restrictions 
which affect utility operations. As ma- 
terials become available with improve- 
ments in the military and production 
programs, the division will be alert to 
recommend such actions as are con- 
sistent with the over-all policies which 
must govern relationships between war 
and civilian economy. 


Availability of Materials 


Since Pearl Harbor the availability 
of materials for water utility needs has 
gone through some interesting changes. 
During the war construction period, 
cast-iron and cement-asbestos pipe, as 
well as valves, hydrants and other es- 
sential items for water distribution sys- 
tems, were extremely critical. Normal 
standards for water system extensions 
had to be crimped. Today, these items 
are available for essential projects, and 
departures from good water works 
practice in their use are no longer 
necessary. The general shortage of 
reinforcing steel, and in some areas 
cement, which existed early in the war 
and even a year ago, made it necessary 
to defer construction on many im- 
portant water works projects. While 
these materials are available today, con- 
struction of this type is, unfortunately, 
handicapped because of shortages of 
form lumber and manpower. Utilities 
which must go forward with the con- 
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struction of reinforced concrete struc- 
tures should reckon with a continued 
shortage of form lumber and plan on 
the use of available forms and used or 
substitute material. This tight situa- 
tion is likely to continue until the war 
is over because of the great need of 
lumber for packing war exports. 
(Oddly enough, two years ago, it was 
necessary to use lumber as a substitute 
for steel; and reinforced structures re- 
quiring large amounts of form lumber 
were being substituted for steel-framed 
structures. Today, structural steel, 
which has been available, is again be- 
coming a tight item.) 

Steel plate and sheet are still critical 
because of the great demand by direct 
war production, especially for ships 
and landing barges. Therefore, re- 
quests for large-size steel pipe and ele- 
vated tanks should, if possible, be de- 
ferred. Prior to 1944, no steel was 
authorized for elevated tanks for water 
utilities. This was because it was more 
desirable from the standpoint of criti- 
cal materials to use reinforced concrete 
ground storage with repumping than 
the plate steel. The importance and 
economic advantages of elevated stor- 
age are well recognized. It is esti- 
mated that a pent-up demand for ap- 
proximately 100,000 tons of steel for 
tanks now exists in water utility sys- 
tems. This year, because form lumber 
for ground tanks is not available, steel 
tank construction involving 3,000 tons 
has been authorized, but mostly for late 
deliveries extending into the first quar- 
ter of 1945. 

In general, instruments and control 
equipment, especially those requiring 
fractional horsepower motors, are still 
critical. Components such as antifric- 
tion bearings, carburetors and electrical 
recording and indicating meters are in 
demand for a variety of programs. 
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The supply of copper and copper al- 
loys is about in balance, with demand 
under current military requirements, 
but their availability will continue to 
depend on changing military require- 
ments. The need of more water meters 
and the increased production which 
could be effected by permitting manu- 
facturers to make standard all-bronze 
meters in lieu of the iron-body wartime 
meter has caused the division to take a 
strong stand in recommending an 
amendment to Schedule I of Order 
L-154 and in recommending the al- 
location of the necessary secondary 
metal to make the all-bronze meter. 

It is my pleasure at this time to an- 
nounce that effective today (June 15, 
1944) this order has been amended to 
permit the manufacture of all-bronze 
meters after July 1, 1944. The alloca- 
tion of secondary metal is only enough 
to permit the same number of all-bronze 
meters to be made as have been manu- 
factured using the iron body. This 
situation will, we hope, improve, but 
until that time, it is important that 
orders for all-bronze meters up to the 
limit of this allocation be for the more 
important projects where metering is 
essential for conservation purposes. 
The co-operation of the utilities in 
limiting meter purchase to essential 
needs will help in this period of transi- 
tion and will, I am sure, be appreciated 
by the manufacturer. The Water Di- 
vision will ask the AW.W.A. Wartime 
Activities Committee to co-operate with 
it in making recommendations for equi- 
table procedures of distribution of 
meters to water utility systems. 

As to copper tubing for service con- 
nections, the amendment to Order M-9- 
c-4 in January’ released tubing frozen 
since October 1942 in utility inventor- 
ies. It goes without saying that this 


1 Jour. A.W.W.A. 36: 255 (1944). 
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tubing should be used wisely. (An 
especially good use is in installations 
where manpower can be saved, as under 
paved streets.) The desire of water 
utilities to have production of copper 
tubing increased and to purchase from 
warehouse stocks is understandable; 
and as soon as the military situation in. 
dicates that relaxations in copper can 
be made, a further amendment to the 
limitation order to provide for addi. 
tional production and more liberal dis- 
tribution of this important material 
will be urged. 

As for pumping and power plant 
equipment, while war related demands 
are heavy, these items can be obtained 
for essential projects. Pumps in the 
more common water utility sizes, and 
including deep well pumps, are gen- 
erally available. Some manufacturers 
have more non-war fabricating capacity 
than others, and where early delivery is 
a factor, it is important that this situa- 
tion be taken into account in placing 
orders. The availability of electric 
motors from 1 to 100 hp. and heavy- 
duty gas engines has improved. Large 
motors and diesel engines are still tight 
and more critical than pumps. Because 
of available manufacturing capacity, 
boilers are easier than they were a year 
ago. However, as steel plate is still 
critical, only boilers to meet essential 
needs can be approved at this time. 

Generally, equipment of large capa 
city is under schedule, and its delivery 
may be slow. Applications for essen- 
tial equipment of this kind should he 
filed with the Water Division well in 
advance of expected construction % 
that we may co-operate in scheduling of 
production and follow through to co 
ordinate delivery with the progress of 
field work. 

The division accepts as one of its 
obligations to utility applicants to whom 
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it has given priority ratings the re- 
sponsibility of following their projects 
through until material and equipment 
needs are met. This work requires the 
co-operation of production officials of 
industry and scheduling staffs of vari- 
ous WPB industry divisions, but it has 
proven well worth while as a means of 
assuring adequate water supply at the 
right time and place. In emergencies, 
when requesting special assistance to 
obtain extremely critical materials or 
special priority ratings to effect earlier 
delivery of approved materials, it is 
important that the applicant furnish 
with his request all information con- 
cerning the rating required. This 
should include accurate description of 
material, name of supplier, date and 
number of order placed with the manu- 
facturer, and, of prime importance, an 
explanation of the basic cause and 
urgency of need, giving specific facts 
to justify the request for special ma- 
terials or out-of-line ratings. 

To our knowledge no essential water 
utility system is being seriously em- 
barrassed in its operations under the 
current limitations on materials. If 
there are any, the Water Division de- 
sires to help in any way that it can. 


Simplification of Procedures 


The Office of War Utilities is con- 
tinuing its efforts to simplify and re- 
duce paper work required of utilities 
in procedures necessary to obtain ma- 
terial for new construction. The new 
WPB-2774? which went into effect 
June 1, together with Direction 4 of 
CMP Regulation 6, is the most recent 
step in this direction. The new pro- 
cedure simplifies the listing of materials 
to permit lumping of smaller items by 
cost. If the total requirements do not 
exceed 50 tons, carbon steel need not 


See p. 860 this JOURNAL. 
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be listed by quarters. Allotment num- 
ber U-2 is to be used in placing orders 
for controlled material where allot- 
ments in specific quantities are not made 
for specific quarters. An approved 
W PB-2774 application includes author- 
ity to begin construction of buildings 
for utility purposes in cases where 
specific approval is required by Order 
The U-1 Order, governing supply of 
material for maintenance, repair and 
operation of water utilities, appears to 
be reasonably well understood by opera- 
tors. Many, however, are not taking 
advantage of its liberal automatic pri- 
orities given specifically to permit a 
high order of maintenance of plant. 
This may, in part, be due to a shortage 
of manpower, but neglect of scheduled 
maintenance ultimately will be costly in 
materials, manpower and money. 


Manpower 

Recently, Selective Service policies 
and regulations have been greatly clari- 
fied and it now appears that necessary 
water utility employees in the 26~29 
age group and practically all employees 
30 yr. of age and over have a firm basis 
for deferment.* Utility management 
should, nevertheless, be alert to the 
possible effects of new policies on its 
operations and plan accordingly. The 
use of women in water works opera- 
tion has more possibilities than is gen- 
erally realized, and the pooling of man- 
power by utilities has much to commend 
it. 

In April 1944, the Water Division 
conducted a nationwide index survey 
(by questionnaire) of the age, sex and 
occupational distribution of water 
utility employees in order to obtain a 
basis for estimating how future Selec- 
tive Service policies and procedures 


3 Jour. A.W.W.A. 36: 690 (1944). 
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might affect the water industry. Re- 
turns indicated that of the 62,200 re- 
maining water utility employees in the 
United States serving about 87,000,000 
people, 22,300 or 36 per cent were 
classified as occupying critical posi- 
tions.* Of these critical employees, 
1,012, or 4.5 per cent, were women; 
17,280, or 77.5 per cent, were men over 
38 or 4F’s; and 4,008, or 18 per cent, 
were men under 38 and hence draft 
vulnerable. 

The distribution of the draft vulnera- 
bles by age groups were: 
Age Distribution of Draft-Vulnerable Critical 

Water Utility Employees 


Percentage 
Age Group Number of Total 
Under 26..... 204 5 
119 3 
673 17 
31-37. 3,012 75 
Fotal ......<. 4,008 100 


About 35 per cent of the draft vulnera- 
bles were classified as operating engi- 
neers. Meter repairmen, foremen and 
skilled laborers were the next most im- 
portant groups. 

In considering priority assistance for 
construction projects, the availability 
of manpower, as well as materials, 
must be considered. In areas where an 
acute shortage of labor for war produc- 
tion exists, projects calling for the em- 
ployment of more than 25 men over 
those currently on the payroll of the 
utility must be cleared through a special 
urgency committee in WPB regional 
offices before the WPB-2774 priority 
can be issued by the Water Division. 

At present, these urgency areas in- 
clude the Pacific Coast; central and 
southern Connecticut (including Hart- 

4 [This represents a reduction of approxi- 
mately 20 per cent from the 1940 total em- 
ployed in water works systems in the U.S. 
Editor.) 
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ford, New Haven and Bridgeport) ; 
and the metropolitan districts of Chi- 
cago, Cleveland, Akron, Buffalo and 
Niagara Falls. 


Rainfall and Conservation 


It is encouraging to be able to report 
that the grave concern early in Febru- 
ary of this year as to adequacy of rain 
and snowfall to replenish surface and 
underground storage has been removed 
due to the adequate precipitation of 
March and April. It now appears that, 
with certain regional exceptions, for 
the fourth successive year our nation’s 
water supply sources are not likely to 
be jeopardized by the threat of de- 
ficiencies in rainfall. Currently, there 
are, however, limited areas in Mon- 
tana, eastern Oregon and Washington, 
Arizona and New Mexico, Upper New 
England and New York State, and 
southern Florida where lack of rain- 
fall could cause embarrassment to 
water utilities this summer. 

Throughout the country the need of 
continued pressure for consumer co- 
operation in conservation of water is 
essential to maintain service without 
the need of additional facilities to meet 
excessive demands, to conserve our 
stored supply as a hedge against future 
deficiencies in rainfall and also to save 
fuel, which is likely to be a most criti- 
cal item next winter. Utilities using 
solid fuels are advised to be prepared 
in case limitations of supply this winter 
should become necessary. If supply 
difficulties arise, operators should notify 
the Water Division which will act 
promptly to assist. 

Water Division Organization and 

Policies 

At this time it may be of interest 


and of value to review briefly some of 
the policies which have guided the 


eign 

clude 
whic! 
servi 
areas 
Pr 
ent d 


|| 
st 
th 
M 
ga 
as 
wi 
po 
tie 
sel 
by 

W: 
thi 
of 
thr 
lem 
| its 
gar 
per 
cha 
dec 
visi 
| ope 
| eral 
acct 

plar 
ther 
now 

ing 
neer 
visio 
year: 
try 


August 1944 


Water Division and some of the re- 
sults of its operations. Water as a 
separate utility was officially repre- 
sented in the WPB organization when 
a Water Supply Section was created in 
the Power Branch in August 1942. In 
March 1943, when the OWU was or- 
ganized, the Water Division was created 
as an integral operating unit, along 
with similar divisions representing the 
power, gas and communications utili- 
ties. 

Each WPB industry division is re- 
sponsible for direct war production or 
service in support of war production 
by the industry it represents. The 
Water Division has endeavored to meet 
this responsibility and its counterpart 
of conserving critical war materials 
through an understanding of the prob- 
lems of the utility and co-operation with 
its operating officials. Through the or- 
ganization of six regions, with an ex- 
perienced water works engineer in 
charge of each, it has been possible to 
decentralize work and to bring the di- 
vision into closer contact with utility 
operators and their problems. In gen- 
eral the size of these regions takes into 
account the density of water utility 
plants and the extent of war impact on 
them. 

While the Water Division, which 
now consists of 37 employees, includ- 
ing 28 experienced water works engi- 
neers, is a relatively small WPB di- 
vision, its contacts during the last two 
years have been active with thousands 
of water utility systems in this coun- 
try and its territories and several for- 
eign countries. They have even in- 
cluded a detailed study of facilities 
which might be needed to restore water 
service on the continent as occupied 
areas are liberated. 

Problems of wide variety and differ- 
ent degrees of urgency and importance 
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had to be resolved. This required ef- 
fective co-operation with utility opera- 
tors and their consumers, water works 
equipment manufacturers, designers 
and operators of a wide variety of war 
production plants and many state and 
federal agencies. Besides acting as a 
claimant agency for utilities, the 
OWU, through its Water Division, 
sees that war industry obtains its water 
needs with a minimum use of critical 
materials. Applications for water sup- 
ply facilities by the WPB industry di- 
vision and other claimant agencies are 
referred to the Water Division for re- 
view and technical assistance. During 
the last 8 mo., nearly 200 applications 
were referred to the Water Division by 
such war agencies as the Chemicals 
Bureau, Petroleum Administration for 
War, War Foods Administration, Of- 
fice of Rubber Director, Army Air 
Forces, Army Service Forces and 
others. About 9 per cent of these ap- 
plications were modified on the basis of 
recommendation made by the division. 


Co-operation With Other Agencies 


As a unit in a temporary war agency, 
the Water Division has endeavored to 
do its war job without duplication of 
effort, and it has followed the policy 
of making full use of existing federal, 
state and local agencies. The division 
is particularly indebted to the U.S. Geo- 
logical Survey, the U.S. Public Health 
Service, the Federal Works Agency, 
and Engineering Divisions of the vari- 
ous state departments of health. The 
Geological Survey, through its divi- 
sions of Ground Water, Surface Water, 
Water Quality and Water Utilization, 
has rendered distinguished and effec- 
tive service to the Water Division and 
others in the WPB and its predecessor, 
the Office of Production Management. 
Without this co-operation, our wide 
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service to water utilities and industries 
would not have been possible. Over 
1,150 reports on ground and surface 
water conditions have been submitted 
to war agencies, 345 of which were 
made to the Water Division in the last 
2 yr. 

Invaluable Assistance 


Each month the staff of the divi- 
sion is presented with the U.S. Geo- 
logical Survey’s “Water Resources Re- 
view,” containing timely and accurate 
information concerning rainfall, stream 
flow and snow runoffs, ground water 
conditions and contents of principal 
reservoirs throughout the country. 
When, in the winter of 1942, it seemed 
likely that it might be necessary to place 
limitations on the withdrawal of ground 
water from certain critical areas where 
lowering of water levels and salt in- 
trusions into fresh aquifers threatened 
water supply for war production, the 
division enjoyed the full and active 
support of the U.S. Geological Sur- 
vey’s staff. 

The U.S. Public Health Service has 
worked very closely with the Water 
Division. Its Sanitary Engineering Di- 
vision has rendered consulting service 
with respect to specific projects; has 
furnished information from its files 
concerning capacities, characteristics 
and requirements of various water 
utilities; and its field. staff, through 
special surveys, has obtained informa- 
tion needed for prompt and intelligent 
action on applications for priority as- 
sistance on projects. Since July 1943, 
that Service furnished the division with 
219 reports on water works require- 
ments in 213 communities and 37 states 
and territories. 

The FWA, by means of its war con- 
struction program authorized by the 
Lanham Act, has assisted communities 
in maintaining water service where the 


impact of war projects placed loads op 
their systems too heavy to have been 
met without outside financial aid. Tp 
date, 400 water works projects haye 
received federal aid in part or whole 
under the terms of this act, the total 
cost of these projects being in excess 
of $90,000,000. Special projects yp. 
dertaken by this agency at the request 
of WPB were the two canals which 
bring water from the San Jacinto River 
to war industries in Baytown and the 
Houston Ship Canal area in Texas; 
the 20-mi. pipeline project which brings 
well water from the Big Miami fields 
south of Hamilton, Ohio, into Mil 
Creek Valley to serve the Wright Aero. 
nautical plant, and the Detroit Booster 
Pumping Station which now assures 
adequate water supply to war indus. 
tries north of the city limits. 


Interests Integrated 


There are no less than thirteen fed. 
eral agencies having a prime interest 
in firm and safe water supplies under 
war conditions. The Water Division 
has taken the initiative in integrating 
these diversified interests and obtain 
ing a weighted appraisal of the im 
portance to the war effort of 1,80 
water utility systems supplying water 
more or less directly to one or mor 
war plant or agency. From this, 55! 
were agreed on as key systems merit 
ing special consideration as to facility 
requirements to maintain firm service 
They represent less than 4 per cent oi 
the water utility systems in this cour 
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try, but serve 46,000,000 consumers, of 
about 53 per cent of those suppli 
from all systems. 

Utilities have been classified on th 
master responsibility list as to thet 
over-all importance to the nation’s 
effort. Currently, these ratings are dis 
tributed as follows: 
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The division has worked closely with 
the Security and Utilities Officers of 
the Army and Navy and has enjoyed 
the active co-operation of various 
hoards of fire underwriters, state and 
local health and utilities commissions. 

Last, but not least, it has received the 
fullest co-operation from the A.W. 
W.A. and all its sections, the Water 
and Sewage Works Manufacturers 
Association, as well as that of similar 
regional, state and local utility associa- 
tions such as the New England Water 
Works Association and the Maine 
Utilities Association. 

Some Comparisons of Utility Opera- 
tions 

At this period, which marks the full- 
est fruition of our joint co-operative 
program, water utility operators might 
be interested in an appraisal of our 
current actions and comparison with 
those of previous years. 


Inventories 

When J. A. Krug addressed the A. 
W.W.A. convention in 1942, he showed 
that, in spite of the urgent need of 
materials for the war construction pro- 
gram, water utilities had increased their 
inventories since December 1940 over 


ars, Of 


ppli 


yn tg 


thei 


18 per cent—probably an all-time high. 
He announced an amendment to the 
P-46 Order which was to be promul- 
gated, reducing utility inventories and 
making stocks in excess legally avail- 
able for redistribution under a priority 
system for war construction. The 
water utilities supported this order 
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loyally and a material crisis was met. 
The pre-Pearl Harbor inventories of 
December 1940 of 282 large water utili- 
ties, now serving 58,000,000 of 85,000,- 
000 consumers, totalled $18,787,000, 
excluding fuel. In June 1942 they 
were $22,125,000. As of today they 
are estimated to be $18,500,000, or just 
under the pre-Pearl Harbor figure. 


Steel Authorized 

Steel is the most important controlled 
material used by the water utility. Dur- 
ing the first quarter of 1943, steel au- 
thorized for new construction totalled 
3,235 tons; that for the first quarter 
of 1944 was 9,196 tons—an increase 
of 186 per cent. In the former quar- 
ter, slightly over one-half of this steel 
was obtained from excess inventory 
stocks; in the latter quarter, less than 
one-third was from this source, the re- 
maining 6,300 tons being purchased 
from manufacturers. 

The percentage distribution of the 
steel used for water utility construc- 
tion during the first three quarters of 
1943 was: 


4&5 


Project Applications 

Since January 1944, water utilities 
have filed an average of 375 WPB- 
2774 project applications per month. 
The total cost of these projects averaged 
$10,000,000 per month and the material 
cost $6,000,000. During July and 
August 1943, just before Supplemental 
Order U-1-f * went into effect, allow- 
ing utilities to make minor extensions 
up to $1,500 without filing applications 


5 Jour. A.W.W.A. 35: 1241, 1383 (1943) ; 
36: 119 (1944). 
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for priorities, the division received from 
utilities an average of 1,450 applica- 
tions per month. These projects rep- 
resented an average total monthly cost 
of $5,000,000 and $2,000,000 for ma- 
terials. In less than a year applica- 
tions received have decreased 76 per 
cent, while the average cost of projects 
and materials approved have increased 
100 and 200 per cent, respectively. 
Types of Projects 

The following table shows the classi- 
fication by types of 3,134 project ap- 
plications received from water utilities 


by the division for the 8-mo. period, 
October 1943 through May 1944: 


Number 


Type of Applica- Total Percentage 
Project tions Cost of Total - 
Treatment... 447 $17,800,000 24.6 
Transmission 
and Distri- 
bution. ... 1,795 23,800,000 32.8 
Supply...... 527 22,200,000 30.7 
Pumping.... 365 8,600,000 11.9 
3,134 $72,400,000 100.0 


Of special interest is a comparison 
of the cost of 1,580 water utility proj- 
ects received from January through 
May 1944 from the various regions 
giving consideration to population and 
the war impact as shown in the fol- 
lowing table: 

Utility Applications Received 
January Through May 1944 


Water Per Total Cost of 
Division Million Projects Per 
Region Number  Pop.* Million Pop.* 

1 116 6 $ 65,000 
2 227 14 670,000 
3 187 35 680,000 
4 278 14 640,000 
5 255 21 940,000 
6 617 64 1,115,000 
Average for all regions $610,000 
* Population supplied water from utility 


systems. 
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These data show that in Region No 
1, comprising New York State and the 
New England states, the value of proj. 
ects per million population was only 
one-tenth that of the national average 
although that region ranks second jp 
magnitude of war contracts. The cog 
of projects in Region 5, the westerm 
and south central states from Canada 
to Mexico and including Texas, was 5 
per cent over the national average, al. 
though it ranks fifth in value of war 
contracts. Region 6, with a large per. 
centage of its projects on the Weg 
Coast, had a cost per million popula. 
tion nearly twice the national average 
and seventeen times that for Region 
No. 1. The project cost rate for the 
other three regions was quite uniform, 
but slightly in excess of the national 
average. 

These data indicate the relatively 
firm situation as to water facilities 
which existed in Region No. 1 and the 
serious load which the war impact 
placed on water systems in Regions 
5 and 6. The nature of the new war 
industries in Regions 5 and 6 was such 
that they required the use of large 
amounts of water. 


Pacific Coast Problems Serious 


Some of our most serious water 
problems still exist on the Pacific Coas 
and in the Southwest, especially w 
California, Texas and Oklahoma. The 
water supply situation in California 
could have been a serious drawback t 
our war production program had rait- 
fall not been favorable in the years pre 
ceding Pearl Harbor and since. A: 
the Pacific Coast is destined to play: 
strategic part in the military actions 
against Japan, we must make available 
to their utility systems materials whid 
are necessary to support their wa! 


services and be prepared for the cor 
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ingencies which will surely arise if 
rainfall deficiencies occur between now 
and the end of the war. 


Summary 

The following is a summary of the 
current situation as to Water Division 
policies and procedures as they affect 
water utilities and others: 

1. In order that all channels of man- 
power and materials may be held open 
to support accelerating military pro- 
grams, water utilities should limit con- 
struction to essential must projects 
until the outcome of major campaigns 
under way this summer are indicated. 

2. Maintenance and repair of utility 
plant should be kept at a high level ; 
and materials will be made available 
for this work. 

3. Planning of projects now will 
place utilities in a better position to 
take advantage of early relaxations in 
the material situation when war pro- 
duction demands taper off; and also 
to co-operate with federal agencies re- 
sponsible for adjustments in the transi- 
tion period from wartime to peacetime 
economy. 

4. The situation as to availability of 
materials for water utility construction 
has improved markedly in the last year, 
but there are still many tight items, 
especially form lumber and steel plate 
and sheet, which will limit certain types 
of construction. 
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5. Although water utilities have lost 
many employees to the Armed Forces 
and to war production plants, their 
operations have not been seriously im- 
paired, but minimum safe operating 
levels have been reached. Loss of em- 
ployees under 26 yr. must be reckoned 
with. This group represents only 5 
per cent of the employees classified by 
the water utilities as critical. Seventy- 
five per cent of the critical employees 
are over 37 yr. of age. 

6. Water utility projects approved 
in 1944 to date averaged $10,000,000 
total cost per month—twice the rate of 
a year ago. The cost of materials in 
these projects was about three times 
that of a year ago. 

7. On the basis of population served 
by water utilities, there is a wide 
variation between regions in the rate of 
expenditures for war water works con- 
struction. The greater rates of ex- 
penditure are for Pacific Coast and 
Southwest projects, where the impact 
of war on utility systems has been 
heavy. In general, New England and 
New York water systems appear to 
have been affected least by the demands 
of war programs. 

8. The Water Division has endeav- 
ored to carry out its programs and 
policies on a co-operative basis with 
utilities, industry and federal, state and 
local agencies. It has enjoyed the sup- 
port and confidence of all. 
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Revision of Form WPB-2774 


- of June 1, 1944, the procedure to 
be followed by utilities in applying 
for authority to do construction work 
beyond the scope of order U-1, was 
revised.* 

Simultaneously CMP Regulation 6, 
Direction 4, was set up to authorize the 
use of the allotment number “U-2” to 
obtain controlled materials. 

Form WPB-2774 has been revised 
and the routine related to it adjusted te 
meet the new conditions. The letter of 
transmittal follows: 

The new procedure is designed to 
improve existing practices in the fol- 
lowing ways: 

1. It simplifies the listing of mater- 
ials and equipment in Section IIT. 

2. It makes unnecessary listing of 
controlled materials requirements for 
most applications. 

3. It eliminates the necessity for 
item-by-item materials accounting in 
most cases. 

4. It will reduce the frequency of 
amendments. 

The new procedure in general out- 
line is as follows: 


A. Application Procedure 


1. Utilities must describe in Sections 
I and II of the Form WPB-2774 the 
construction or other action proposed. 
2. Materials and equipment required 
must be listed in Section III. It is no 


* WPBI-1932, May 30, 1944. 
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longer necessary, however, to make q 
separate listing of “material for which 
rating or allotment is requested.” More 
specific instructions are given in See. 
tion III on grouping minor items, If 
is hoped that such grouping will con- 
siderably reduce the length of these ma- 
terial lists. 

3. Quarterly controlled material re. 
quirements must be listed only as fol- 
lows: 

For carbon steel, if requirements ex- 

ceed 50 tons. 

For copper wire and cable, if re 

quirements exceed 5,000 pounds, 

For aluminum wire and cable, if re- 

quirements exceed 2,500 pounds, 

These quantity limits apply to total 
requirements for the job rather than 
to requirements for particular quarters, 


B. Authorization Procedure 


1. If approved, the construction, in- 
stallation, or purchase described in See- 
tions I and II of Form WPB-2774 will 
be authorized, subject to any restric 
tions noted in Section V of the form. 
If the applicant later proposes to de- 
viate from the action described he must 
file an amendment to obtain specific 
authorization for the deviations. Thus, 
an amendment will be required before 
a line can be built past the terminus 
mentioned in the application, or is 
route varied. 

2. The applicant will be restricted to 
the kinds, types, sizes and capacities of 
materials and equipment which art 
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jsted and approved in Section IIT of 
his application. Thus, an applicant who 
states that he intends to use a given 
size of aluminum conductor for a con- 
struction project may not use copper 
conductor or a larger size of aluminum 
conductor without first filing an amend- 
ment and obtaining specific authoriza- 
tion for the change. 

3. Most applicants on Form WPB- 
2774 will receive an authorization, pref- 
erence ratings and an allotment num- 
ber permitting the use and, if not avail- 
able from inventory, the purchase of 
approved materials and equipment 
items in whatever quantities are re- 
quired for the purposes stated in the 
application. In some cases, however, 
applicants will be limited to the pur- 
chase or use of specific quantities of 
certain items, or other restrictions may 
be specified. For example: 

a. Specific quarterly allotments of 
one or more controlled materials will 
be made in approving some applications. 
This will be indicated by War Produc- 
tion Board entries of quantities in the 
“allotted” columns of Section IV, col- 
umns (d), (f), or (h) and by typing 
or stamping an additional paragraph in 
the authorization section. Where such 
allotments are made, they must not be 
exceeded. 

b. The War Production Board may 
restrict the use of certain items to the 
quantities set forth and approved in 
Section III, by marking “Limited” 
opposite such items in column (f) of 
Section IIT. See Section V, paragraph 
7 of Form WPB-2774. 
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c. The use of certain items will be 
restricted to amounts available in utility 
inventories not to be replaced, by mark- 
ing “Inventory” opposite the item in 
column (f) of Section III. See Sec- 
tion V, paragraph 8 of Form WPB- 
2774. 

Utilities should use the revised Form 
W PB-2774 as an application form for 
utility actions requiring authorization 
and priorities assistance not provided 
for in Orders U-1, U-3 and U-4. This 
includes authority to begin construction 
of buildings for utility purposes in 
cases where specific approval is re- 
quired by Order L-41. Communica- 
tions utilities, which have been using 
Form WPB-617 for such applications, 
should change to use of Form WPB- 
2774. 

Utilities should not use Form WPB- 
2774 in making applications which do 
not involve utility operations. For ex- 
ample, Form WPB-2774 should not be 
used to apply for permission to build 
an office building for the principal use 
of others than the utility, to make addi- 
tions to a street railway, etc. 

The purpose of Direction 4 to CMP 
Regulation 6 is to provide an enabling 
instrument under CMP for the use of 
the allotment number U-2 in placing 
orders or contracts where allotments 
are not made in specific quantities or 
for specific quarters. 

It is believed that the revised form 
and procedure constitute an important 
saving of time and manpower for the 
utilities and for the War Production 
Board. (See pp. 862, 863, 864.) 


WPB DIRECTION 2 TO U-1 


Form WPB-2774 authorizations issued since June 10, 1944, contain provisions which 
permit applicants to obtain and use materials under a simplified procedure (See pp. 862-864 


this JOURNAL). 


Utilities Order U-1, Direction 2, issued July 18, 1944, by War Production Board through 
OWU (WPBI-2157), makes applicable the simplified procedures provided for in the June 
1944 revision on application Form WPB-2774 to authorizations issued to producers on Form 
WPB-2774 before the revised application form came into use. 
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(6-1-4) 
UTILITY APPLICATION FOR AUTHORITY TO BEGIN CONSTRUCTION, 
PREFERENCE RATINGS, ALLOTMENTS OF CONTROLLED MATERIALS, 

AND OTHER PURPOSES 


UNITED STATES OF AMERICA 
WAR PRODUCTION 


BUDGET BUREAU NO. 12- 1136.4 
APPROVAL EXPIRES NOVEMBER $, 1944 


TO: War Production Board, Washington 25, D.C. 
ATTN: Office of War Utilities 


(Street, 
City,Zone, 
State) 


DATE FOR WPB USE ONLY 

APPLICANT'S REFERENCE NC. 

6. 1S AN APPLICATION FOR NECESSITY 
FICATE (FORM WPB-3467) FILED wity 
THIS FORM? (See Instructsors) 

YES CI wo 

9 TYPE OF UTILITY 
ecectaiec water 
CO waturac Gas Gas 
steam neating CJ communications 

APPLICATION STATUS 


10. THIS APPLICATION 1S: 
iwitiat © awewowent C2 resuswtss toy 


INSTRUCTIONS - Submit origine! end two (2) copies of this form Only 
two sets of supporting papers are required. If a Necessity Certifi- 
cate under Section 124(f) of the Iateraal Revenue Code is being re- 
quested in coshection with application, attach Application for 
Necessity Certificate (Form WPB-3467), and submit one additional copy 
of WPB-2774 and supporting data. If WPB-2774 is required to be filed¢ 
with a builder's application uader L~41, transmit to the builder. 


11. IF AMENDMENT OR RESUBMISSION, FURNISH Fog 
ORIGINAL APPLICATION 
« 
(a) Form No. NO. 


(o) SEVEN DIGIT ALLOTMENT NUMBER PREVIOUSLY 
ASSIGNED, IF ANY 


SBCTION I - IDENTIFICATION AND DESCRIPTIVE DATA 


W-BOO-OOOO 


1. SRIEF DESCRIPTION AND LOCATION OF CONSTRUCTION OR INSTALLATION, 
INCLUDING NAME OF CUSTOMER, IF ANY. 12. PROJECT STATUS 
STARTING DATE DATE SCHEDULED | PERCENT wow 
FOR CONSTRUCTION] FOR COMPLETION | COMPLETED 
13. EST!MATED COST 
1F AN AMENDMENT, FURNISH ONLY OOLLAR® 
ADDED BY AMENDMENT 
2. NOT TO BE FILLED IN BY COMMUNICATIONS UTILITIES TEM GROSS COST wer cost? 
(a) 1F PROPOSAL IS TO SERVE A CUSTOMER, GIVE: (a) (b) (e) 
STATUS OF CUSTOMER'S OR BUILDER'S APPLICATION UNDER L-41 FOR 
PERM! 1ON TO BEGIN CONSTRUCTION: MATERIAL 
CUSTOMER STATES SUBMITTED PREVIOUSLY 
—— NOT REQUIRED ints FORM 
iF L-U1 APPLICATION WAS PREVIOUSLY SUBMITTED, STATE 
DATE RETURNED BY WPB 1F RETURNED WPB SERIAL NO. OTHER 
vs costs 
(b) STATUS OF CUSTOMER'S CONSTRUCTION 
not UNDER A 
0 CO 


9. Wick THLE CONSTRUCTION OR OPERATION OF THIS PROVFCT REQUIRE THAT 


cost lees cost of material removed free 
plant. Not to be filled in by Communications 
Operators. 


APPLICATION ON BEHALF OF THE APPLICANT; 
EARLIER THAN NECESSARY FOR COMPLETION 
ARE TRUE ANDO CORRECT TO THE BEST OF HIS KNOWLEDGE AND ABILITY. 


MORE THAN 25 PEOPLE BE ADDED TO YOUR PAYROLL OR USED BY CONTRAC- 
TORS Of 0B? nO 
Ons O 1%. TO BE FILLED IN ONLY BY COMMUNICATIONS 
TIES 
\F YES, STATE TOTAL NUMBER OF PEOPLE TO BF ADDED TO NUMBER uriLt 
PAYROLL OR USED BY CONTRACTORS. DOES THIS APPLICATION OP USE OF THE PROPOSED 
FACILITIES INVOLVE RELIEF FROM THE RESTRIC. 
4. TO BE FILLED IN ONLY BY GAS UTILITIES OF 46 
1N CONNECTION WITH THIS APPLICATION, 15 & CUSTOMER'S APPLICATION TO 
WPR REQUIRED FOR A SPECIFIC EXEMP” ION FROM THE RESTRICTIONS OF ORDER 1F YES, ORDER PARAGRAPH 
U-7 OR L-174? Yes so STATE 
CERTIFICATION = THE UNDERSIGNED HEREBY CERTIFIES THAT HE IS THE APPLICANT OR THAT HE IS AUTHORIZED TO EXECUTE THIS 


THAT THE QUANTITIES SPECIFIED ARE NOT GREATER NOR THE REQUIRED DELIVERY pate (S) 
bn TIME OF THIS CONSTRUCTIONS AND THAT THE FACTS HEREIN SET FORTH, OR APPENDED, 


ay 

ATE TITLE SIGHATURE OF AUTHORIZED OFFICIAL 
SECTION 35(A) OF THE UNITED STATE” CRIMINAL CODE, 18 U.S.C. SEC. 80, MAKES ITACRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 
STATEMENT OR REPRESENTATION 'O NY DEPARTMENT OR AGENCY OF THE UNITED STATES AS TO AMY MATTER WITHIN ITS JURISDICTION. 
GPO War Board 115008 | 
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er SECTION II - DESCRIPTION AND STATEMENT OF NECESSITY 
ONLY 
nO. Pyraish the following iaformation, to the sum- a descriptios of the customer's plast, project orotber 
bers of the following paragraphs: property to be served and, where pertisent, quantiita- 
live data asto customer's present andestimated future 
—— 1. A detailed description of proposed coastruction, or requiremeats for utility service of the type covered 
equipment to be purcbased or installed, together with 
q by this applicatios. 
reasons fortype, size,and quaatity or capacity of fa- 
cilities to be provided, 5. A statement explainiog whether service canbe resdered 
ERT I. in any other way, of by any other producer on operator, 
A statemeat of the relatioesbip of the proposed cos- with theuse of smaller quastitiesof critical materials, 
struction of equipmeat to existing facilities; sbow 
why existing facilities are inadequate and consequences 6. If extensions or additions to ovtside plast are ia- 
: if this application 18 sot approved. volved, a sketch showing the details of the proposal 
and its relation to existing facilities, iacludiag 
§. A detailed explanation of tbe need for the proposed facilities of other producers or operators. 
construction orequipment, includiaog astatement of its 
relationship to military needs, war productions, or 7. A list identifying each exbibit or documest attached, 
ONS esseotial civilian seeds. 
— 
4 If application is forconstruction to serve a customer, USE ADDITIONAL SHEETS IF NECESSARY 
OUSLY 
T 
Teo FORM WPE-2774 (6-1-44) 
SECTION III - MATERIALS AND EQUIPMENT REQUIREMENTS 
Show below total materials and equipment requirements for the purposes described in this application, iscluding botb 
AR VA items to be purchased and items available in inventory. If this is ao amendment show only items on which changes are 
Wwe 
secessary. 
a Significant items of materials and equipment must be listed individually. Show requirements separately for each type 
cost! aod size. Where pertinent show also capacity and important operating characteristics. The following list, while sot 
0s 
7) complete, suggests the type cf items which must be listed individually: 
Poles end crose-erne Electric relays Teletypewritere 
Lueber Pumps, Compressors Motora, engines, generators 
Conductor Switchgear Boilere 
nS Comaunicatione wire and ceble Vater treatment plant equipment Transformers 
Pipe plent e paeent Meters 
xx Steel (atructurel, reinforcing end plete) Gee production equipment Regulators 
Velves and hydrente Carrier equipment 7 Other items of equipment coating 
—— Fene and blowers Telephone central office & PBX equip. $250 of more per unit to purchese 
ae 
Tow may show opposite “minor items” at botton of page, without separate enumeratios, total dollar value of require- 
meats for such items as: 
ved fros 
teat tens Pole Line hardvare Insulators Building herdwere Pipe hengers 
Conductor ecce ries Cutoute Pipe fittings Jointing materials (jute, ete.) 
CATIONS Grounding Nute, bolts, veshers, etc: Pipe peint Send, cement, grevel, etc. 
USE ADDITIONAL SHEETS IF NECESSARY 
REQ'O 
PROPOSED UNIT OF NUMBER VALUE FOR wPB 
LESTRICe DESCRIPTION OF mauvOR OF MATERIAL MEASURE OF UNITS (Dettere) USE ONLY 
DATE (S) 
PE NDED, 
LY FALSE 
pl 
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FORM wPE-2774 (6-1-44) 


SECTION IV - CONTROLLED MATERIALS REQUIREMENTS 


Show below by quarters the quastities of carbos steel 
(if ia excess of 50 toss for all quarters), copper wire 
and cable (if inezcess of 5,000 pounds for all quarters), 
acd aluminum cable (if is excess of 2,500 pounds for all 
quarters), which must be delivered for the purposes 
described bereia to you, your coatractors, or masufacturers 


of Class A products. Do sot isclude (a) amouats of these 
materials to be witbdrawa from isventory sot to be re. 
placed, (b) amousts to be obtained from another utility, 
or ic) materials required for the manufacture of Class 3 
products. For composite copper-steel or alumisum-stee} 
conductor, show copper or alumisum contest only. 


QUARTER 194 __ QUARTER 194___ —— QUARTER 
2 CONTROLLED MATERIALS POR UPB POR UPB FOR UPB 
(Ae classified inCuP Reg. 1) | | REQUIRED USE ONLY REQUIRED USE ONLY REQUIRED USE omy 
2 ALLOTTEO ALLOTTED ALLOTTED 
(al (>) tc) (a) te) if) (g) (nh 
1] CARBON STEEL TOWS 

2] COPPER WIRE AND CABLE POUNDS 

CABLE POUNDS 
SPACE BELOW FOR WPB USE ONLY 


SECTION V - AUTHORIZATION OR DENIAL; ASSIGNMENT OF PREFERENCE RATING AND ALLOTMENT NUMBER; ALLOTMENT OF 
CONTROLLED MATER!ALS 


Sebject to all conditioas soted below: 


1, The applicast is hereby authorized to proceed as 
described hereis, using materials and equipment only of 
the kind, type, size, asd capacity approved by the War 
Productios Board is Sectios III; such materials and 
equi at may be used in quastities required unless 
specifically restricted elsewhere herein. 


2. The preferesce rating noted below is hereby assigned 
for the purchase of equipmest and materials, other thas 
costrolled materials, aetborized for use hereia, except 
that ratis specifically assigaed in Columa if) of 
Section I]I should be used for items so designated instead 
of the rating assigned below. 


3. The abbreviated allotment aumber U-2is hereby assigned 
for the purchase of all controlled materials and Class A 
products thorized for use hereis (except controlled 
materials and Class A products, if any, for which aa 
allotment is made below in specific quantities and for 
specific quarters). 

4. The applicant is authorized to purchase from other 
producers and operators, as defined in Utilities Orders, 
any material authorized for use berein. This authorization 
constitutes a “specific direction” for the purpose of 
Utilities Order U-1, aad producers with whom orders are 
placed should be so advised. 

5. The abbreviated allotment sumber and preference ratings 
assigned herein (and the allotment, if any, made herein) 
may notbe used toorder materials and equipmeat available 


| 
| 


BY 


in the applicant's investory in excess of a practica] 
working minimum They may be used to replace materials 
and equipment in investory but osly to the extent that 
inventory has been reduced below a practical working 
misimum However, ia cases where the applicant isa 
producer asdefined in Utilities Order U-1, the applicaat 
is permitted to replace the item used in accordance with 
the "sbort item" procedure of Utilities Order U-1. 


6. The applicant must not use the abbreviated allotmest 
number or preference ratings (or allotment, if any) to 
obtain delivery of materia and equipment earlier or is 
greater quastity than required. 

7. Items marked “Limited” in Columa (ft of Section II] 
may be used only in the quantities approved in Columns (¢) 
and id) of Section III. 

8 Items marked "Inventory" in Columa (f) of Section II] 
may beused only tothe exteat available inthe applicant's 
invenstory or in the inavestory of asothber utility, aad 
provided that they are not replaced therein. 


9% Orders for conatrolled materials placed pursuaat to 
this authorization must show allotment oumber U-2 and 
must specify the month in which delivery is requested, 
Orders for materials and equipment other than controlled 
materials towbich the preference ratings assigned bereis 
are applied must also sbow allotment sumber U-2 for 
identification purposes. 

10. This authorization is subject to all applicable War 
Production board orders and regulations, and to aay 
additional conditions set forth below. 


SIGMATURE 
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The Legal Limits of a Water Supply System 


By John H. Murdoch, Jr. 


1942 Public Health Service 


HE 
Drinking Water Standards con- 
tain a definition reading as follows: 
“Water supply system includes the 
works and auxiliaries for collection, 
treatment and distribution from the 
source of supply to the free-flowing 


outlet of the ultimate consumer.” Ac- 
cording to that definition the “limit” 
of a water supply system is, at one end 
the source of supply and, at the other 
end the free-flowing outlet on the 
premises of the ultimate consumer. 

This definition may appear unimpor- 
tant and to some water works officials 
may appear to represent a desirable 
recognition of the fact that bad in- 
terior plumbing may result in con- 
tamination of a safe potable water sup- 
ply. It is certainly desirable that cross- 
connections with unsafe supplies within 
the property of consumers and_ sub- 
merged inlets in plumbing fixtures be 
eliminated. Water works officials must 
be alert to these problems and should 
interest themselves in taking steps and 
devising methods to protect the gen- 
eral system from contamination caused 
by bad conditions on the property of 
consumers. But there are limits to 
our abilities and responsibilities. 


A paper presented on June 15, 1944, at the 
Milwaukee Conference by John H. Murdoch, 
Jr. Attorney, American Water Works & 
Elec. Co., New York, N.Y. 

865 


The importance of the definition and 
the reason it is not desirable lie in the 
fact that once it is accepted in practice 
that the public water supply system ex- 
tends to the free-flowing outlet on the 
premises of ultimate consumers, the 
general public and consumers and 
courts and juries will presume that the 
officials of the water works have as- 
sumed responsibility for detection and 
elimination of all potential health haz- 
ards on the premises of all consumers 
in the entire territory served. When 
thought is given to the thousands of 
inspections and re-checks involved, to 
the laborious, detailed and_ technical 
nature of those inspections and_ re- 
checks and to the great numbers of 
installations which would have to be 
torn out and replaced, it becomes evi- 
dent that the job is one beyond the re- 
sources and abilities of any water 
works organization. In good con- 
science the water works cannot lull the 
community into a sense of security by 
giving the impression that the water 
works system is free of sanitary de- 
fects to the last outlet on each indi- 
vidual consumer’s property. No water 
works should assume responsibility be- 
yond its power to meet the obligations 
of that responsibility. The quoted defi- 
nition is an attempt to have the water 
works assume responsibility for de- 
tailed policing of interior plumbing on 
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consumers’ premises and therein lies 
its importance. The impossibility of 
adequately meeting the new obligation 
is the reason the definition is not de- 
sirable. 

This paper is presented as a discus- 
sion of the propriety of the quoted defi- 
nition and of the legal consequences 
which would follow our acceptance of 
that definition. 


Legal Limit as Established by Com- 
mon Law 


No attempt will be made to examine 
the statutory or case law of the states 
touching on our question or to cite 
authorities, but rather to present some 
legal principles believed to have gen- 
eral acceptance in America as_ being 
established by common law. In a later 
section consideration will be given to 
possible methods by which the legal 
limit so fixed may be modified or 
changed. 

Except as restricted by the police 
power, the owners of real property in 
America have the absolute right to 
hold, control and use that property and 
no other person has the right to enter 
on or interfere with it. 

Where a stranger has no right to 
enter or interfere, the stranger has no 
obligation to enter. Where property 
and facilities are under the exclusive 
control of one person, another person 
has no right and no obligation to as- 
sume jurisdiction over that property or 
those facilities. Each person looks af- 
ter and manages his property, 
being careful to observe the limits of 
his property rights. Those are funda- 
mental principles of American law and, 
in recognition of them, it has been cus- 
tomary to draw the line marking the 
legal limit of the water supply system 
at the property line or, for convenience, 


own 
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at the curb line. 
rights and responsibilities is made by 
reference to that line. b 

Thus the water supply agency usy- 
ally installs the service line from the 
street main to the property line and js 
responsible for the adequacy and the 
maintenance of that line. On the other 
hand, the consumer or the property 
owner installs and maintains the water 
lines from the property line into and 
throughout the premises. The prop- 
erty owner has control over his own 
property and need not permit a 
stranger to enter and lay or maintain 
lines. 

When service lines freeze between 
the main and the property line, the 
water supply agency is usually re. 
sponsible for thawing, but when the 
freeze occurs on the consumer’s side 
of the property line, the consumer at- 
tends to the thawing. 

On complaint of inadequate. water 
service on a consumer’s premises, the 
first fact to be developed before a 
regulatory commission hearing the 
complaint is whether adequate or rea- 
sonable pressure and quantities are 
available at the property line end of 
the water supply agency’s service line, 
If they are, then the inadequate sery- 
ice is caused by conditions on_ the 
property of the consumer and the con- 
sumer will have the responsibility, a 
his own expense, of bettering the com 


The allocation of 


ditions. 

The basic right of property whid 
gives the owner the control and exclt 
sive use and occupancy of his property 
is so well understood and so univer 
sally recognized and respected tha 
cases directly referring to it are rare 
However, the results which flow from 
that basic right of property so recog 
nized are constantly considered } 
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legislatures and courts. The water 
works supply customs here mentioned 
all derive from this basic property 
right. Property rights have fixed the 
legal limit of the public water supply 
system at the property line. 


Modification of Customary Legal 
Limit by Contract 


There are many water supply sys- 
tems which by contract acquire rights 
within the property lines of consumers, 
and such contracts may be said to 
modify the legal limit. In systems in 
which water service charges are based 
on the number and_ types of attached 
facilities, the consumer, in taking serv- 
ice, is assumed to have agreed that 
representatives of the water supply 
agency may enter at reasonable times 
to make inspections of the attached 
facilities or to check for unnecessary 
wastage of water. Where meters are 
installed on consumers’ premises the 
consumers are held to have contracted 
to give the right to set and maintain 
and read the meter. In these and simi- 
lar cases the legal limit has not really 
been changed, but rather modified by 
the giving to the water supply agency 
a limited right in territory which 
would, except for the contract, be “out 
of bounds.” The true legal limit is 
still the property line within which the 
owner is in control. 

It has been said that representatives 
of a water supply agency have the right 
to enter consumer’s premises to detect 
leaks. These supposed rights appear 
usually as instances of rights of entry 
granted by contract as just mentioned, 
as in instances where the consumer has 
asked for help, frequently in connec- 
tion with an unusually large meter 
reading. The latter cases are not even 


modifications of the legal limits. 
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Modification of Legal Limits by 
Exercise of Police Power 


Before mentioning ways in which 
the legal limits of a water supply sys- 
tem may be modified through the exer- 
cise of the police power, it is necessary 
to consider the nature of that power 
and restrictions on its use. 

In McQuillin’s Municipal Corpora- 
tions it is said that, 


the police power authorizes the enactment 
and enforcement of laws and regulations re- 
quiring each citizen so to conduct himself 
and so use his own property as not unneces- 
sarily to injure another. The police power 
is defined by Blackstone to be the power 
which concerns “the due regulation and do- 
mestic order of the kingdom, whereby the 
individuals of the state, like members of a 
well-governed family, are bound to conform 
their general behavior to the rules of pro- 
priety, good neighborhood and good man- 
ners, to be decent, industrious and inoffen- 
sive in their respective stations.” 


The police power is a much greater, 
broader power than the power and au- 
thority of the organized police force. 
That organized police force is merely 
one agency by which the sovereign 
state attempts to enforce laws enacted 
under the police power. When a po- 
liceman makes an arrest he is supposed 
to be exercising the state’s right to re- 
strain one who has violated a_prohi- 
bition established under the police 
power. 

The following quotations are also 
taken from MecQuillin, Municipal Cor- 
porations: 


The exercise of this power necessarily 
interferes in some respects with the liberty 
of the citizen, as his right to move about as 
he pleases, or his right to follow in his own 
way any lawful occupation, or his right in 
the use of his property. This interference 
is justified solely on the ground that it is 
required in order to protect the personal and 
property rights of others, and advance the 
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best interests of society... . / All businesses 
and occupations and all movements and ac- 
tivities of the citizen in public relations, it is 
important to remember, are carried on sub- 
ject to the reasonable exercise of this power. 
Obviously individual freedom must yield to 
the enforcement of just regulations for the 
public good. Appropriate and reasonable 
legislation or regulation by nation, state or 
city, therefore, is sanctioned which has for 
its object the promotion of the public safety, 
health, convenience and general welfare, or 
the prevention of fraud and immorality. 

“It may be said in a general way,” re- 
marked Mr. Justice Holmes, “that the police 
power extends to all great public needs. It 
may be put forth in aid of what is sanc- 
tioned by usage or held by the prevailing 
morality or strong preponderant opinion to 
be greatly and immediately necessary to the 
public welfare” (219 US, 104). 

Organized government has the inherent 
right to protect health, life and limb, indi- 
vidual liberty of action, private property and 
legitimate use thereof, and provide generally 
for the safety and welfare of its people... . 
Safeguarding the public welfare then in its 
most comprehensive sense is the basis which 
justifies the exertion of the police power and 
the imposition of restrictions on individual 
action and the use of property. 


It should be observed that the police 
power is not unlimited. Attention is 
directed to certain points in the quota- 
tions. 

The exercise of the police power is 
justified only when it is required in or- 
der to protect others and advance the 
best interests of society. The exercise 
of the power must be reasonable. The 
regulations must be just, appropriate 
and reasonable and must be greatly 
and immediately necessary to public 
welfare. Unless a regulation under the 
police power meets these standards the 
regulation is invalid and unenforce- 
able. 

One final quotation from McQuil- 
lin: 


Of the exercise of this power to govern 
as applied to restrictions on the use of pri- 
vate property, it may be remarked that re- 
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strictions are justified only when necessary 
to preserve or promote the public health, 
morals, safety, comfort, convenience or gep. 
eral welfare of the community. When the 
use of property does not infringe the rights 
of others, or limiting its use is not essential 
to the legitimate exercise of the police power. 
or when required, where the restrictions jm. 
posed pass beyond that which is reasonably 
necessary to safeguard public welfare, lim. 
itations of the use of the property on the 
part of the owner are not a lawful exercise 
of the power of sovereignty, but merely ap 
abuse of power resulting in oppression, and 
are forbidden by the organic laws of the 
nation and state. 


It has long been recognized that the 
health of a community would be ep- 
dangered if a consumer were permitted, 
on his own premises, to cross-connect 
a polluted water supply with the public 
water supply. Obviously, open cross. 
connections between the two supplies 
could probably result in the drawing of 
polluted water into the public system. 
Police power regulations are, therefore, 
in force almost everywhere forbidding 
such cross-connections and giving rep- 
resentatives of water supply agencies 
the right to inspect points of possible 
cross-connections and the right to dis 
continue the public supply when im- 
proper cross-connections are found 
These regulations impose on the prop- 
erty of the consumer a right of inspec. 
tion by health officers, and often by 
water supply agency representatives 
and thus result in a modification of the 
legal limit. The regulation is a valid 
exercise of the police power because i 
is necessary to the public health tha 
cross-connections on consumer premise 
be forbidden and because the right 
given health officials and water supph 
representatives are rights which are ap 
propriate to safeguard the public. 

Such regulations do not make the i 


terior piping on each consumer} 
premises a part of the public water sup 
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ply system, but merely limit the rights 
of the property owner in the use which 
he may make of his own property. The 
inspecting officials are charged by law 
with a duty to make inspections only 
where they know a secondary supply is 
available which might easily be cross- 
connected. There is an absolute pro- 
hibition against improper cross-con- 
nections and a right, as against the 
property owner, to make reasonably 
necesssary inspections and to discon- 
tinue service if improper cross-connec- 
tions are found, but the responsibility 
to make inspections is a limited respon- 
sibility. The legal limit of the public 
water supply system has not. been 
changed from the property line by such 
regulations. 

For many years health department 
regulations and water works literature 
maintained a clear distinction between 
cross-connections inter-connec- 
tions. The first was a connection be- 
tween an approved primary public sup- 
ply and a secondary source of supply 
not of approved quality. Inter-con- 
nections covered all interior plumbing 
arrangements not involving a second- 
ary source of supply which might re- 
sult in admitting contamination to the 
potable supply. Traditionally, the dis- 
tinction was insisted on in recognition 
of the facts that true cross-connections 
were few in number and were usually 
well known as to location and presented 
a very real and ever-present health 
hazard, while on the other hand, inter- 
connections were legion in number, 
their locations unknown and they could 
result in contamination of the general 
system of potable supply outside the 
premises directly involved only as a 
result of rare and unusual combinations 
of circumstances. Unfortunately, this 
important distinction between cross- 
connections and inter-connections is 
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specifically and in definite terms done 
away with in the new Drinking Water 
Standards, as well as in the model codes 
being advocated by some state health 
departments. 

As to inter-connections as formerly 
defined, police power regulations limit 
property rights. Plumbing ordinances 
provide a prohibition against installa- 
tion of unapproved types of plumbing, 
but it has not been usual to require the 
elimination of such plumbing if in- 
stalled before the date of the regula- 
tion unless contamination is discovered. 
Plumbing inspectors and health depart- 
ment officials are usually given a right 
of entry on private property to examine 
conditions in the plumbing system and 
such regulations and inspection rights 
constitute limitations on property rights. 
These are valid exercises of the police 
power because it is reasonably neces- 
sary to lessen the chances of contami- 
nation of the potable water supply 
within the premises and because the in- 
ter-connections might in rare instances 
contaminate the general supply. 

No responsibility has been placed on 
water supply agencies to police consum- 
ers’ premises in a search for possible 
inter-connections by such regulations. 
Even trained plumbing inspectors are 
compelled to content themselves with 
inspections made pursuant to applica- 
tions for permits to change or install 
plumbing or to premises where suspi- 
cion has been aroused by bad health 
records. A_ police regulation which 
would attempt to subject all premises 
to regular inspection and which would 
require the elimination and destruction 
of all installations, no matter when in- 
stalled, which failed to measure up to 
modern standards, would probably be 
held to be invalid as not reasonably 
necessary or appropriate. 

The police power regulations dealing 
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with cross-connections and inter-con- 
nections seem to impose valid limita- 
tions on the rights of property owners 
or consumers, but only impose duties 
on the public water supply agencies 
when they know or should know of 
conditions on consumers’ premises con- 
stituting hazards to the general supply 
in the system. Such regulations do not 
change the legal limit of the water sup- 
ply system. Even under the most strict 
of those regulations the legal limit of a 
water supply system is still at the prop- 
erty line. 

It would be an invalid attempt to ex- 
ercise the police power should regula- 
tions be adopted which would require 
a water supply agency to police the in- 
terior plumbing on the premises of all 
its consumers. Sucha regulation would 
be invalid because it would be unrea- 
sonable as requiring an impossibility, 
and, secondly, because the remedy pro- 
vided by the regulation would be un- 
necessary and inappropriate in attempt- 
ing to impose on water works opera- 
tors duties and responsibilities already 
properly imposed, in the essential fea- 
tures, on the health authorities of the 
municipality or the state with adequate 
power and technical ability to perform 
such duties, 


Customary Definition of Water Sup- 
ply System Compared With Defi- 
nition in 1942 Drinking Water 
Standards 


Traditionally, the legal limit of a 
water supply system has been the prop- 
erty line with the rights of the property 
owner on his own property limited by 
contract or valid police regulation. The 
definition of a water supply system 
based on that legal concept would be: 

“A water supply system includes all 
the works and auxiliaries for collection, 
treatment and distribution of water 
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from the source of supply to the prop. 
erty line of the ultimate consumer,” 

The 1942 Drinking Water Stand. 
ards by definition add to the system alj 
the facilities, plumbing fixtures, spray 
heads and even garden hose lines and 
nozzles on consumers’ private property, 
if directly or indirectly connected to the 
public supply lines. Any item in this 
added territory not measuring up to 
modern standards would be considered 
a “sanitary defect” in the water supply 
system, and, unless ignored by the state 
department of health, would prevent 
water from the system being certified 
by the Surgeon General of the United 
States as satisfactory for drinking 
water on interstate carriers. The re- 
sult of such failure of certification 
would be considered as a reflection on 
the local water supply agency, although 
that agency could have no effective con- 
trol over most of the “system” as so 
defined. 


Possible Legal Effects of Acquie- 
scence in New Definition 


A water works operator has the legal 
responsibility to install, maintain and 
operate reasonably adequate and safe 
facilities. A water works operator whe 
fails to provide the facilities or service 
practices, which the consensus of opin- 
ion of such groups as the American 
Water Works Association generally 
hold to be needed to assure reasonably 
safe service, would be held guilty of 
legal negligence. If a failure on the 
part of a water works operator to bring 
his system or his operating practices 
up to the standards accepted by sucha 
group as this is followed by injury and 
damage to a consumer of water and 
that injury is the result of the failure, 
then the water supply agency would be 
liable for damages. That is the legal 
situation now and it should continue te 
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be the situation because we have the 
legal obligation to provide the facilities 
and the operating practices which are 
reasonably needed. No court or jury 
would ever decide that what this As- 
sociation deemed to be required by good 
practice was not reasonably necessary. 
It is, therefore, vitally important to the 
members of this Association that noth- 
ing be done by the Association tending 
to indicate that consumers’ plumbing 
and fixtures are or should be under the 
control of the water supply agency as 
being part of the water supply system. 
That is not to say that the water supply 
agency representatives should be in- 
different to sanitary defects on consum- 
ers’ premises. Where dangerous de- 
fects are known to exist or where the 
water supply operators are in position 
to know of such defects by exercising 
ordinary powers of observation and 
deduction, the water supply operators 
are in duty bound to take steps to guard 
against contamination of the general 
supply. There is, however, no legal or 
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moral obligation on a water works 
operator to undertake the impossible 
task of inspecting all consumers’ prem- 
ises for sanitary defects. Indeed, there 
would seem to be a moral obligation to 
make it plain to all concerned that such 
inspections are not made and that, so 
far as the water supply agencies are 
concerned, the limit of the public water 
supply system is the property line. 


Conclusion 

Water works operators must be in- 
terested in potential health hazards 
which may affect the potable water sup- 
ply. There is a moral responsibility 
on the operator to use his influence to 
bring about better plumbing practices. 
There is a moral responsibility to take 
necessary action within his rights and 
abilities to remove the hazard to the 
system from sanitary defects which he 
knows exist or should know exist. The 
water works operator should not let it 
be presumed that he has promised to 
perform that which he cannot perform. 


Discussion 


Boyd A. Bennett * 


Any discussion of drinking water 
standards by water works operators 
should be prefaced with a reminder 
that the operator has a moral and legal 
responsibility for the installation, main- 
tenance and operation of reasonably 
adequate and safe facilities, producing 
a pure and wholesome water supply. 
The operator should not be indifferent 
to sanitary defects, and when defects 
are known to exist, it is his duty to 
take steps to correct the hazard. 

Mr. Murdoch has ably presented to 
you, the legal liability of the water sup- 


* President, Water Utilities Service Corp., 
New York, N.Y. 


ply agency in connection with the 
United States Public Health Service, 
December 3, 1942, Drinking Water 
Standards. He has called to your at- 
tention certain police powers granted 
to the water supply agency representa- 
tives and their rights on private prop- 
erty, also that such police powers must 
be reasonable. He has mentioned the 
probability that if an operator does not 
follow operating practice standards, ap- 
proved by a recognized group such as 
the American Water Works Associa- 
tion,? the water supply agency would 

+A record of the relationship of A.W. 
W.A. in connection with the Drinking Water 
Standards, was published in the Jour. A.W. 
W.A. 36: 781 (1944). 
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be liable for damages, should injury or 
damage result from non-compliance 
with such reasonable standards. 

It is recognized that the U.S.P.H.S., 
acting under its interstate quarantine 
authority, has specific supervision over 
the quality of the water actually used 
or offered to the public for use by com- 
mon carriers. Any regulation that 
specifies how this water is secured in- 
volves dealing directly with local water 
supply agencies, which seems to be be- 
yond the scope of interstate quarantine 
regulation. Any attempt so to regulate 
is one more step in the direction of cen- 
tralized control by federal government 
agencies, and limits state control to 
that of a reporting agency. State or 
local departments have no direct juris- 
diction over interstate traffic and, 
hence, they are asked to act under a 
separate provision of state or local 
laws which apply to all public water 
supplies, whether or not they serve 
common carriers. 

The local water supply agencies have 
certain powers and duties, based on 
entirely independent laws, codes or 
ordinances. These powers and duties 
are supplemented in many municipali- 
ties by independent plumbing regula- 
tions and codes, administered by local 
health and building regulations and in- 
spection. Efforts have been made to 
grade water supplies according to the 
quality. Comparisons such as_ these 
are useful, but their place is not in the 
law such as this standard under dis- 
cussion. Under the police power, a 
water supply is injurious or not in- 
jurious to health—there must be no 
debatable ground. If, under this 
standard, a water supply is not certi- 
fied, it is considered by the public to 
be injurious to health if it cannot be 
used by common carriers. If a stand- 
ard or manual of practice were set up 
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by the water industries, sanitary engj- 
neers and public health associations as 
an incentive to improvement, it would 
be quite different from an order by the 
U.S.P.H.S. requiring certification of a 
public water supply. Since the docu. 
ment under discussion is fundamentally 
related to the certification of water 
supplied for common carriers in inter. 
state commerce, and the regulation 
governs only the quality of water, the 
question is asked: How will the US, 
P.H.S. legally be able to concern itself 
with enforcement of the order in all its 
parts under the different forms of 
state and local laws now in force? 


State Health Department Rulings 


About a year ago, a hotel was taken 
over by the U.S. Army. The water 
agency was requested to increase the 
chlorine dosage at the pump station in 
order to give a residual of at least 03 
ppm. at the hotel, because the army 
engineers could not get a satisfactory 
test from the water in the hotel. If 
this request had been carried out by 
the water agency, the chlorine content 
of the water would have been so strong 
that the customers between the pump 
station and hotel would have been un- 
able to drink it. At the suggestion of 
the water agency, an inspection of the 
hotel plumbing was made in the con- 
pany of the army engineers. This in- 
spection revealed a siphon into the wa- 
ter piping from the sewerage plumbing 
on the second and third floors. Dis 
continuance of the supply would have 
been necessary until a new plumbing 
job had been completed in the hotel by 
its owners. However, under the con- 
ditions and at the request of the state 
health department, the water agency 
increased the size of the service from 
the main to the property line and the 
Army took its water from this point 
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and installed its own chlorination treat- 
ment within the building beyond the 
meter. 

The state health department ruled 
that the water company’s responsi- 
hility ended at the property line and 
the Army responsibility commenced at 
that location. Under the standards of 
the U.S.P.H.S., if an injury had oc- 
curred, the responsibility would have 
heen on the water agency. 

In a town in New England, 30 per 
cent of the public water supply cus- 
tomers have an additional supply from 
wells and a so-called aqueduct supply- 
ing company, neither of which are 
treated. These customers pay the pub- 
lic water supply agency a minimum 
charge for the public supply, and 
about once a year call on the public 
supply for service for at least one- 
quarter, because of the failure of the 
other supply. The state health depart- 
ment requires the disconnection of the 
two supplies within the premises, elimi- 
nating any cross-connection. How- 
ever, to comply with the standards un- 
der discussion, the water supply agency 
would have to inspect and sterilize all 
of the plumbing and plumbing fixtures 
on each of the premises, every time the 
public water supply was used. There 
are probably many similar conditions 
at other locations. 

Many operators have probably had 
the experience of bad water samples 
irom hotel or restaurant fixtures. The 
state health department, having been 
called in to make an examination and 
inspection, has found that one or more 
employees are disease carriers and 
every time the disease carrier touched 
the spigot it became contaminated. To 
live up to the letter of the standard re- 
garding water supply system, health 
hazard and sanitary defects, would re- 
quire not only routine inspection of all 
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customers’ fixtures, but constant in- 
spection and regular bacteriological 
check of all free-flowing outlets on 
each consumer’s property. Inspection 
would reveal only mechanical possi- 
bilities for contamination, so that a 
bacteriological determination would be 
required to ascertain actual contami- 
nation. 


Possibilities of Contamination 


Any and every free-flowing water 
outlet is subject to contamination at all 
times as the result of being touched by 
the hands, lips, some foreign object, 
substance or matter. This leads to the 
possibility of charges of contamination 
of the water by the ultimate consumer 
after the water has been drawn into a 
container furnished by the ultimate 
consumer. Practically all water drawn 
by the consumer is caught in a con- 
tainer before being used. Even though 
the water from the nozzle of the free- 
flowing outlet may be bacteriologically 
safe, still the container may carry, and 
most likely does carry, bacteria which 
would immediately contaminate the 
water. It is impossible to anticipate 
that any container used by the con- 
sumer in his daily life will ever actu- 
ally be sterilized immediately before 
being used to catch the water from a 
free-flowing outlet. 

A good example of this: The Army 
stationed 250 Air Corps cadets in a 
Normal School building. The Medi- 
cal Corps sent to the commandant of 
the school a sterilized sample bottle in 
which to take a sample of the water 
furnished to the school, to be used by 
the Medical Corps to make a_bac- 
teriological determination of the water. 
The sample taken was reported by the 
Medical Corps as showing contamina- 
tion by Escherichia coli. Investigation 
proved the water to be bacteriologically 
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safe. It seems that a sergeant, who 
had never taken a sample of water be- 
fore for bacteriological determination, 
had not sterilized the nozzle of the 
drinking fountain before taking the 
sample, and had not observed any pre- 
cautions in the handling of the sample 
bottle. If a sample of bacteriologically 
safe water taken in a sterilized bottle 
by a responsible representative of the 
Army Medical Corps is contaminated 
in the process, it certainly is beyond 
the police powers given to any water 
supply agency to supply bacteriologi- 
cally pure water to miscellaneous un- 
sterilized fixtures or containers fur- 
nished by the consumer on his prem- 


ises. 
Cross-Connection Hazards 


The present state or local laws give 
water supply agencies some _ limited 
rights to disconnect service on the 
basis of being a nuisance and a hazard 
to the community. Even in the case 
of cross-connections, some state health 
departments are very reticent about 
taking drastic action to compel the con- 
sumer to eliminate such cross-connec- 
tion or other hazard. An example was 
called to the author’s attention some 
time ago of a private hospital refusing 
to eliminate a cross-connection between 
its own supply and public supply, even 
after an order from the state health de- 
partment, and daring the water supply 
agency to discontinue service. It is 
the author’s understanding, that the 
condition still exists. 

The standard is so broad that it im- 
poses on the water supply agency a 
paternal role. The phrase “contami- 
nated from an extraneous source” is so 
far reaching that its interpretation 
might place the burden of police duties 
on the water supply agency, without 
the power to enforce them. The fed- 
eral government has already made fed- 
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eral tax collectors out of private elec. 
tric utilities and many other private 
enterprises—maybe it can make police. 
men out of water supply agencies. 


Impossible Demands 


It would be almost impossible to 
supply sufficient employees to make all 
the inspections required by the stand- 
ard. A bacteriological determination 
would have to be made of each outlet, 
after each had been used. The water 
would have to be cut off from the 
premises and each fixture inspected 
for any siphoning action or other haz- 
ards. A great number of water cus- 
tomers are tenants and, therefore, can- 
not be held responsible for plumbing 
fixtures and enforcement against ten- 
ants for plumbing could not be made 
by discontinuance of service. A US, 
P.H.S. representative inspecting a wa- 
ter plant suggested that added samples 
at added localities throughout the dis- 
tribution system be taken daily and ex- 
amined. The estimated cost of this 
plant of 4,000 customers, for such 
added samples, was $1,500 per year. 

The lowest estimate of cost for in 
spection of premises once each year, 
from sixty-odd plants to which the 
question was put by the author, was 
$1.00 per customer. The majority oi 
the plants queried were of the opinion 
that it would take two men to make 
an inspection and 1 hr. per inspection 
should be allowed to cover necessary 
office time, travel time, inspection time 
etc. To sum up, the estimated cost o 
complying with the standard would ke 
ruinous. One city manager wrote the 
author: “I would not even hazard é 
guess at the cost to comply with the 
requirements of the standard.” 

As the standard now stands, the we 
ter supply agency is responsible for 
conditions over which it has no cor 
trol by rule, regulation, police power 
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or any other law or order. The au- 
thor knows of no reason why the water 
supply agency should be responsible for 
its product beyond a safe water at the 
property line, any more than the milk- 
man should be required to assume re- 
sponsibility for his milk after he leaves 
the bottle on the door-step. 

If the responsibility has to be placed 
on someone, and if the state or local 
health department is selected, person- 
nel required in these times would be 
impossible to obtain. The same would 
be true if responsibility were placed on 
the Building Code Inspection Depart- 
ment. The tariffs, as now fixed for 
water supply agencies, either by state 
regulatory bodies or local councils, are 
not large enough to carry the excess 
cost of the work made necessary by the 
responsibility placed on them by the 


Drinking Water Standard require- 
ments under discussion. 
The Drinking Water Standard 


should be reviewed and modified to 
make it just, reasonable and practicable 
of operation and enforceable under po- 
lice power when the necessity to pub- 
lic welfare requires; it should not be 
too specific but should be elastic as to 
interpretation by the reporting agency, 
and not impossible of compliance by 
the water utility as it is now. The 
realistic way to correct the standard or 
the intent of it, is to restate the limit 
of the supply system to be the instal- 
lation from its source to the delivery 
point at the consumer's property line. 


J. K. Hoskins + 


The paper presented by Mr. Mur- 
doch is a clear exposition of the legal 
rights of a water purveyor with respect 
to entry on private property. Perhaps 
a brief statement concerning the rea- 


+ Asst. Surgeon General, Chief Sanitary 
Eng. Div., U. S. Public Health Service, 
Washington, D. C. 
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soning and viewpoint of the Public 
Health Service with regard to the defi- 
nition of a water supply system as 
given in the Drinking Water Stand- 
ards will be of interest to those con- 
cerned with this definition. 

The Public Health Service does not 
agree that this definition places the le- 
gal responsibility for sanitary condi- 
tions beyond the meter solely on the 
water purveyor. From the public 
health viewpoint and for the good of 
the ultimate consumer health hazards 
and sanitary defects should be elim- 
inated whether they exist on one side 
or the other of the property !ine or 
meter. If not, whatever steps may be 
taken by the water purveyor to safe- 
guard the water supply may be can- 
celled by other steps taken inside the 
property line. 

The water supply system was de- 
fined in the Drinking Water Standards 
so as to be all-inclusive in order to 
implement the necessary inspection 
and control by those having jurisdic- 
tion. A number of agencies may be 
involved: health authorities, municipal 
plumbing and building authorities and 
possibly others in addition to the water 
purveyor. The proper authority should 
take up the problem where its juris- 
diction controls and that of the other 
authorities ceases. 

The Public Health Service is cog- 
nizant of the fact that there are limita- 
tions in the legal rights of a water pur- 
veyor with respect to entry on private 
property. However, this limitation 
does not justify ignoring a situation 
which all familiar with water systems 
and house plumbing know exists. Un- 
less there is a recognition of the prob- 
lem and co-operation on the part of all 
having jurisdiction toward elimination 
of sanitary defects and health hazards, 
the protection of the ultimate consumer 
against such hazards is incomplete. 
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The Economics of De-lonized Water Supplies 


By Frank Bachmann 


HE development of ion exchange 
materials in the past 10 yr. has 
opened up new applications of these 
materials in water treatment. Water 
can be treated to remove the hardness 
ions, i.e., calcium and magnesium; all 
of the alkalinity; and all of the de- 
ionizable salts. Moreover, mixtures of 
the effluent from these steps can be 
proportioned to give a finished water 
which will meet almost any specifica- 
tion. This discussion will be confined 
mainly to the application of ion ex- 
change materials to municipal supplies. 
De-ionization, demineralization or 
desalting of water may be defined as a 
process in which ions are partially or 
completely removed from an aqueous 
solution by ionic exchange or by acid 
adsorption. This definition does not 
include zeolite treatment or treatment 
with any cation exchange material 
operating in the sodium cycle, as this 
treatment does not reduce, but actually 
increases, the dissolved solids in the 
water to the extent of the chemical 
equivalents of the ions exchanged. 
Where softening is required, zeolites 
and organic ion exchangers still have a 
very definite place in the water works 
field. 


The newer types of exchange ma- 


A paper presented on June 14, 1944, at the 
Milwaukee Conference by Frank Bachmann 
Water Specialist, The Dorr Company, New 
York, N. Y. 
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terials are strictly organic in composi- 
tion and have no similarity in chemi- 
cal composition to the zeolites. It is 
believed that the term “‘organic zeolite” 
is a misnomer and that the Committee 
of Nomenclature of the American 
Water Works Association should study 
the matter and decide on a name to 
cover all of these materials. The late 
Robert Spurr Weston, in his discus 
sion of Goudey’s paper (1), pleads 
for a simpler expression of the capaci- 
ties of the exchangers than “grains per 
cubic foot” and suggests the use of 
“pounds per cubic foot.” Similarly, 
regenerants used may be in terms ofa 
pound of commercial acid and alkali of 
definite strength per pound of ions, 
as CaCO,, removed. 

Names which have been used for 
these organic ion exchange materials 
are: Organolites; Organic Ion Ex 
changers ; Electrolyte Exchangers ; Ion, 
or Ionic Exchangers ; De-ionizers ; De. 
mineralizers; Cation Exchangers; 
Anion Absorbers; etc. There are t 
date some 15 or more of these materials 
on the market, usually with a separate 
name for the cation and anion em 
changers, as each manufacturer has his 
own trade name for the material. The 
trade names are important to the mant 
facturer in designating the type of ma 
terial recommended for the various ap} 
plications. These trade names net 
not conflict with a suitable name 1 
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cover all types of these organic ion ex- 
change materials. Some of the ex- 
changers and trade names follow: 


Cation Exchangers Anion Exchangers 


Amberlite—IR-1 and Amberlite—I R-4 
[R-100 
Zeo-Karb De-Acidite 
Catex Anex 
Grahycarb Grabasic 
Nalcite“A”’, ““AX”’ and 
“MX” 


Ionac—A-293 
Duolite—A-2 


lonac—C-284 
Duolite—C-1 and C-3 


Capacities of the above cation ex- 
changers vary from 6,000 to 20,000 
grains per cu.ft. and on the anion ex- 
changers from 7,000 to 30,000 grains 
as CaCO, per cu.ft. Higher capacities 
are claimed for the more recently de- 
veloped materials. |§ Manufacturers 
have the following points in mind when 
developing new materials : 


1. Maintenance of high capacity per 
unit of weight or volume. 

2. Low chemical requirements for 
regeneration. 

3. Stability as to both chemicals and 
attrition. 

4. High removal of salts. 

5. High velocity of exchange permit- 
ting output in shorter time. 

6. A sharp “break-through” point. 


It is gratifying to report that pre- 
liminary tests of some newer materials 
meet most of these requirements. 

There is not too much known as to 
the life of these exchangers as they 
have not been in service for a sufficient 
length of time. The cation exchangers’ 
losses due to attrition and loss of the 
fines by backwash are estimated at 5 
per cent per year. Cation exchangers 
have been in service longer than anion 
exchangers and more data are avail- 
able on these materials. The life of a 


cation exchanger is estimated by one 
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manufacturer as 40,000 cycles. As- 
suming two cycles per day, the life of 
this exchange material would be over 
50 yr. No definite estimate of the life 
of anion exchangers has been pub- 
lished but some of these materials are 
stated to compare favorably with the 
life of the cation exchangers. More 
definite information on this subject 
will be available as more plants are in- 
stalled and operating data are made 
available. 

There are two types of these organic 
exchange materials, namely cation ex- 
changers and anion adsorbers. The 
cation exchangers are believed actually 
to exchange chemically ion for ion, 
whereas the anion exchanger acts as an 
adsorber attaching the acid radical to 
the exchanger material. The equa- 
tions (2) in Table 1 illustrate the ac- 
tions taking place when water is passed 
through these materials. 

All reactions for the cation ex- 
changer are reversible, depending on 
the concentration of salts present. 

The above equations indicate the 
possible use of these exchange ma- 
terials in the water works field. For 
instance, where softening alone is de- 
sired, the cation exchanger can be used 
in the sodium cycle to remove calcium 
and magnesium. The exchanger is re- 
generated with salt similar to the pres- 
ent practice with zeolites. These ex- 
changers are superior to zeolites in that 
usually they have a higher capacity, a 
greater pH range in the raw water and 
they do not increase the silica content 
of the water. 

The cation exchanger, when regen- 
erated with acid (usually sulfuric), 
operates in the hydrogen cycle and ex- 
changes the metallic ions of Ca, Mg, 
Na and Fe to hydrogen. The chlo- 
rides, sulfates, nitrates and carbonates 
are changed to their acid derivatives 


€ 
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HCl, H.SO,, HNO, and H,CO,, re- 
spectively. The effluent from the ca- 
tion exchanger is, therefore, acid to the 
extent of the chlorides, sulfates and 
nitrates present in the raw water. The 
mineral acids require neutralization by 
the alkalinity in the blending with raw 
water, cation exchanger water operated 
in the sodium cycle, or by passing 
through an anion cell. The carbonic 
acid produced in the process is a gas 
which is removed by an aerator or a 
degasifier. 
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Where practicable, treatment by cation 
exchanger in the hydrogen cycle with 
blending with raw water will usually 
be cheaper than the installation of both 
types of cation exchangers where total 
removal of hardness is not an jm. 
portant factor. No generalities can be 
given on the application of hydrogen. 
cation exchangers as each problem 
must be studied with a view of obtain. 
ing the desired results at the least cost, 

De-ionization of water is particu. 
larly of interest to municipalities where 


TABLE 1 


Cation Exchange Reactions 


Sodium Cycle 
(Softening) 


2NaX + Ca(HCO;)2 CaX, + 2NaHCO; 


2NaX + Mg(HCO;)2 MgX2 + 2NaHCO; 
2NaX + CaSO, CaX, + NaSO, 
2NaX + + 2NaCl 


Hydrogen Cycle 


2HX + + 2H.CO; 


2HX + CaSO; CaX, + H.2SO, 
HX + NaNO; @— NaX + HNO; 
HX + NaCl @— NaX + HCl 


Note: X represents the exchanger. 


Anion Exchange Reactions 


Acid Removal 


2XA + H2SO, — (XA)2-HSO; 


XA + HCl — XA-HCI 


XA + HNO; — XA-HNO; 


Note: Where XA is exchange material with the acid binding substituent A 


Neutralization of the acids by pass- 
ing the effluent of the cation exchanger 
effluent through anion exchanger cells 
results in a water equivalent to distilled 
water and will be discussed under 
“Complete De-ionization.” 

The combination of cation exchang- 
ers operating in the sodium and hy- 
drogen cycle (3) has many applications. 
It will reduce the total dissolved solids 
materially on high carbonate waters and 
reduce the alkalinity to a point where 
the water is suitable for certain indus- 
trial uses. It also yields a soft water. 


excessive sodium bicarbonates are pres 
ent in the raw water or where the chlo 
ride or sulfate content, or both, are i- 
tolerable. In either of these cases, tt 
is impractical to remove all of thes 
salts. The treatment should consist of 
completely de-ionizing part of the water 
and blending it with raw water to ob 
tain a final water satisfactory for mt- 
nicipal use. De-ionization is not é 
cheap method of treating water nor & 
it a substitute for present methods oi 
municipal treatment. This method 
therefore, should be limited to special 
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problems as mentioned, i.e., reduction 
ef chlorides, sulfates, magnesium and 
sodium bicarbonates, where these are 
present in excess of standards of purity 
set up by health authorities. The cost 
of treatment of the water in these cases 
should be compared to the cost of ob- 
taining a new supply requiring little or 
no treatment. 


Sodium Bicarbonate Waters—Plant 

“A” 

Waters containing high concentra- 
tions of sodium bicarbonate can be suc- 
cessfully treated with cation exchang- 
ers operated in the hydrogen cycle. An 
illustration is a plant recently installed 
in an army camp. The raw water is 
taken from an artesian well 1,900 ft. 
deep. The temperature of the water 
is 97°F. The well has a free flowing 
capacity of 160 gpm. but, as 450 gpm. 
were required, a deep well pump was 
installed with this capacity. The high 
sodium bicarbonate content makes this 
water unfit for drinking or general 
domestic use. It is unfit for making 
tea or coffee and discolors certain foods 
cooked with it. 

The present plan of operation con- 
sists of discharging the well water intoa 
grit removal basin from which it enters 
a raw water pump well. It is then 
pumped to a splitter box where the 
water is proportioned, a part being 
used for treatment and a part for 
blending purposes. The water for 
treatment is discharged into either of 
two cation exchangers operated in the 
hydrogen cycle, then blended in the 
proportion of 50 per cent raw water 
and 50 per cent treated water, degasi- 
fied and then pumped into the mains 
(Fig. 1, la). 

The exchanger cells are open wood 
stave tanks with Amberlite IR-1 as ex- 
change material, and are operated by 
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gravity. When the cells are exhausted, 
the exchange material is regenerated 
with dilute H,SO,, using a three-stage 
regeneration method, which was de- 
veloped by the company represented by 
the writer. By the use of this multi- 
regeneration system, it is possible to 
reduce the acid requirements materially. 
During the actual performance test on 
this plant, less than 125 per cent of the 
theoretical amount of H,SO, was used 
to displace the cations in the raw water, 
including that used for rinse, backwash, 
chemical make-up and finished water. 
The analysis of the raw, treated and 
blended water is given’in Table 2. 


TABLE 2 


Treatment of High Sodium Bicarbonate 
Water—Plant ‘‘A”’ 


(Results expressed in ppm. as CaCO3;) 


Blended 

50% Raw + 

Raw Treated 50% Treated 
Hardness........ 5 0 2 
Sodium....... . 1465 40 753 
Alkalinity....... 960 — 245 
Acidity (Mineral) — 470 — 
0 0 0 
Chere. 510 510 510 

Carbonic dioxide 


From the analysis it will be noted 
that the hardness and sulfates are negli- 
gible in the raw water, whereas bi- 
carbonate and chlorides of sodium are 
very high. The specifications required 
the reduction of alkalinity to 250 ppm. 
The treatment of 50 per cent of the 
raw water through cation exchangers 
operated in the hydrogen cycle and 
blending with 50 per cent of raw water 
met the specifications. 

High chlorides (510 ppm.) are pres- 
ent in the raw water and still exist in 
the same amount in the finished water. 
They are much higher than recom- 
mended by the U. S. Drinking Water 
Standards. They can be removed by 
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an anion exchanger but the officials 
were evidently convinced that the chlo- 
rides would not be objectionable. The 
blended water is a marked improve- 
ment over the raw water and the local 
consumers are pleased with its quality. 

The cost of the complete plant, in- 
cluding equipment erected, building and 
foundations, piping, etc., was approxi- 
mately $75,000. This cost does not in- 
clude the equipment which already ex- 
isted, such as deep well pump, high- 
pressure pumps and chlorinators. The 
output capacity of the plant is 600,000 


gpd. The actual operating cost is 
estimated and shown in Table 3. 
TABLE 3 
Operating Cost of Plant “A” 
Interest and Amortization. ........ $ 7,100 
Maintenance and Supplies......... 2,070 
Labor and Supervision............ 11,700 
14,900 
Total Annual Cost.......... 


Chemical costs, as given, are confined 
to 60° Bé H,SO, which is obtained 
from one of the local fertilizer firms 
for $13 per ton delivered. On this 
basis the chemical cost of treatment is 
6.8¢ per 1,000 gal. treated water output. 

By actual test on plant scale, the ex- 
changer material had a capacity of 11,- 
850 gr. per cu.ft., as against 11,500 gr. 
as guaranteed. 


Salt Intrusion—Plant “B” 


An interesting problem was recently 
presented for cost analysis where high 
salt content (sometimes exceeding 700 
ppm. chloride) in the water supply 
was objectionable. This supply was 
taken from a number of wells dis- 
tributed over a good sized area. Some 
of these wells were subjected to salt 
intrusion during high demand of water, 
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and numerous complaints were regis. 
tered from users. The problem was to 


‘de-ionize completely part of this water 


and blend it with raw water so that the 
chloride and hardness in the finished 
water would not exceed 250 ppm, 
Chemical analysis of one well and the 
treated water is given in Table 4. 


TABLE 4 


Treatment of High Sodium Chloride 
Water—Plant ‘‘B” 


(Results expressed in ppm. as CaCOs) 


Anion 
Degasi- Blended 
Cation hed 48% Raw + 
Raw Effluent Effluent 52% Treated 
Calcium... 315 9 9 156 
Magnesium 124 4 4 62 
Sodium.... 415 12 17 208 
Alkalinity.. 63 — 5 32 
Acidity 
(Mineral) — 766 — _ 
Sulfates.... 78 78 2 38 
Chlorides. . 713 713 23 356 


The output capacity of the treatment 
plant was specified as 900,000 gpd. As 
it was desired to reduce the chloride in 
the raw water from 505 to 250 ppm, 
52 per cent of the water had to be 
completely de-ionized and blended with 
48 per cent of the raw water to meet 
this requirement. The hardness in the 
raw water was also objectionable, but 
with this treatment it would have been 
reduced from 439 to 218 ppm., which 
was below the amount specified. The 
chloride reduction, therefore, controlled 
the treatment requirements. 

A gravity plant to treat this water 
consisted of cation and anion ex 
changer cells with wood tanks, acid 
storage and dilute acid tanks, storage 
facilities and dilute soda ash tanks, de 
gasifier and the necessary piping, valves, 
pumps and accessories. The existing 
method is to pump the water from the 
wells directly into the mains. Provi 
sions had to be made to bring the wel 
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water direct to the treatment plant. 
The water had to be pumped from the 
cation cells to the anion cells and again 
io the degasifier. After blending, the 
water was to be discharged into a new 
dear-water reservoir from which it 
was pumped into the mains. As against 
the present method of one pumping, 
this plant required three extra pump- 
ings at relatively low heads. With a 
pressure system, only one extra pump- 
ing was required but pressure systems 
require steel exchanger cells which 
were not available under the priority 
regulations then in force. 

The cost of this plant, with a capa- 
city of 900,000 gpd. blended water, was 
estimated at $200,000, including build- 
ing, equipment, pumps, piping, valves 
and accessories complete. 

The estimated operating cost of this 
plant is given in Table 5. “It will be 


TABLE 5 
Operating Cost of Plant “B” 


Interest and Amortization......... $19,850 
Maintenance and Supplies......... 5,700 
Labor and Supervision. ........... 12,600 

Total Annual Cost... $88,250 


noted that the chemical cost comprises 
over one-half of the annual operating 
cost. The cost per 1,000 gal. is 26.9¢ 
of which 11.54 is for chemicals. 
Untreated water is now being sold 
in the community for $135 per mil.gal. 
and, as the treatment cost is estimated 
at $269 per mil.gal., the water supplier 
cannot afford to treat this water with- 
out a substantial increase in rates. The 
possibility of increasing the rates to 
meet the increase in treatment cost is, 
under present conditions, rather re- 
mote. The supplier is now looking for 
anew source of supply or may possi- 
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bly obtain a suitable water by sinking 
more wells and reducing the draught 
on the wells. 


Complete De-Ionization 


Complete de-ionization of water will 
produce a water practically equivalent 
to distilled water. Silica is not re- 
moved nor is it increased in the proc- 
ess. An effluent from this process is 
too good for a municipal supply and 
too costly. The finished water is highly 
and chemical adjustment 
would be required. This process is use- 
ful in the municipal field to remove ex- 
cessive chlorides or sulfates where these 
salts are present in quantities to pro- 
duce objectionable tastes or act as a 
purgative. 

Complete de-ionization of part of 
the supply with blending with a por- 
tion of the raw water is applicable to 
municipal water supplies where a 
cheaper source of potable water is un- 
available. In these cases this process is 
practicable and is the cheapest method 
known for reducing these ingredients. 

The main application of complete de- 
ionized water is in the industrial fields 
where distilled water or its equivalent 
is required. The cost of de-ionized 
water is usually considerably cheaper 
than water produced by distillation. 
Figures given (4) for distillation are 
$2.00 to $8.00 per 1,000 gal. for single- 
effect evaporators and 60¢ to $1.00 for 
quadruple-effect evaporators. 

Figure 2 gives the approximate 
chemical costs for complete de-ioniza- 
tion, Chemical costs vary directly with 
the ions removed. For a water with 
100 ppm. of cations and 70 ppm. of 
anions, both expressed as CaCO,, from 
the curves, the cost of chemicals is 
taken off as $22 per mg. or 2.2¢ per 
1,000 gal. Similarly, with cations of 
450 ppm. and anions of 280 ppm., the 
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TO DETERMINE COST OF COMPLETE DE-IONIZATION 


(1) FOR TOTAL CATIONS =1,00: READ OFF 
FROM CURVE C; 
COST OF ACID EQUALS $119 

(2) FOR ANIONS,(EXCLUDING HCO3+CO 3)= 
= 757. READ OFF FROM CURVE A; 
COST OF SODA ASH EQUALS $ 106 

(3) TOTAL COST: $ 1194$ 106 = $225/m.g. 


NOTE:-IF ONLY ONE HALF OF THE WATER IS 


DE -IONIZATION COSTS IN DOLLARS PER MILLION GALLONS 
° 


TREATED THE COST PER mg OF 
BLENDED WATER WILL BE $112.50 
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cost is $93 per mg. or 9.3¢ per 1,000 gal. 

The curves were prepared on the 
basis of most efficient regeneration, 
with a view of obtaining the maximum 
chemical savings for average and large 
size plants. They do not apply to the 
small plants where first cost is an im- 
portant factor and operating costs can 
be sacrificed. 

Chemical costs in preparing these 
curves were taken at $20 per ton for 
66° Bé H,SO, and $25 per ton for 98 
per cent Na,CQ,,. 

The acid requirements shown will 
vary somewhat with different waters, 
depending on the ratio of carbonates to 
total dissolved solids, 1.e., the higher the 
carbonate ratio, the lower the acid re- 
quirements and vice versa. 


Summary 


1. Complete de-ionization of water 
in the municipal water works field is 
limited to waters with high sodium 
bicarbonate, sulfate or chloride con- 
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tent. Even in these cases only part of 
the water usually requires this treat- 
ment with blending with the raw water. 

2. This process is not intended to 
supplant the existing known methods 
of water treatment, as it is limited to 
special applications only in the munici- 
pal field. 

3. Its application is unlimited in the 
industrial field of water purification 
where high-grade water is required for 
process, boiler feed and numerous other 
applications. 
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WPB ORDER P-43 


On July 22, 1944, Order P-43 (Safety and Technical Equipment) was 
amended. The amendment makes it possible for laboratories “to make 
experimental models of products designed for civilian markets” and “to 
get materials for non-experimental construction jobs (other than main- 
tenance and repair) needed to carry on scientific or technological investiga- 
tion, testing development or experimentation when the cost of the job 
does not exceed $500” and apply the preference rating of AA-3 on such 
purchases. 

This amended Order may be of value to large water works laboratories 
or testing units and should be studied by persons responsible for either. 
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Corrosion of Well Pumps 


By T. E. Larson and J. B. Millis 


EVERAL years ago the Illinois 

State Water Survey conducted a 
corrosion survey by questionnaire 
among the municipal water superin- 
tendents throughout the state. The re- 
sults of this survey indicated that ap- 
proximately 40 per cent of the opera- 
tors had a corrosion problem of one 
sort or another. 

The questionnaire requested  in- 
formation on corrosion in mains, serv- 
ice lines, elevated tanks and pumping 
equipment. Analysis of the data with 
respect to the mains and service lines 
was subject to error due to variable 
flushing and was also complicated by 
the fact that on some occasions no dis- 
tinction was made between corrosion 
and actual iron present in the raw 
water. Corrosion in elevated tanks 
was subject to the type and quality of 
the maintenance and no relative cor- 
relation could be therefrom. 
Corrosion in pumping equipment, how- 
ever, was roughly correlated with areas 
of high mineral content. This cor- 
relation was permissible since many of 
the external factors other than water 
quality were eliminated. It was noted, 
however, that within areas of waters 
of similar mineral content, wide varia- 
A paper presented on April 11, 1944, at the 
Illinois Section Meeting, Peoria, Ill., by T. 
FE. Larson, Chemist, and J. B. Millis, Asst. 
Engr., Illinois State Water Survey, Urbana, 
Ill. 


tions in the extent of corrosion were 
reported. 

In general, from this survey ané 
from other observations made during 
the past 10 yr., nitrates in excess of 
10 or 15 ppm. are excessively corto- 
sive, particularly to copper and brass 
Chloride concentrations in excess of 
100 to 150 ppm. have been noted to 
cause corrosion frequently, and_ sul. 
fates in concentrations greater than 200 
to 300 ppm. have a similar effect. 

Further inquiries on pump corrosion 
established the fact that no person or 
group of persons seemed to know the 
cause or causes for the highly erratie 
records on pump failures. Some at 
tributed these failures to galvanic ae- 
tion, others to stray currents, some t 
water quality and still others to pump 
design. 

The division often receives queries 
such as the following: How long wil 
our pump be expected to last in this 
water? What kind of materials shoul! 
be specified in ordering a new pump’ 
How may I protect my pump from th 
corrosive action of the water? Wha 
causes the corrosion that seems to k 
taking place in my pump equipment’ 
We reply that we don’t know. We 
have asked the manufacturers and har 
learned after much conversation thd 
they don’t know. The owners don! 
know. 
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For the past + or 5 mo. records on 
some 60 pumps in use by industries and 
municipalities in the Chicago area have 
been collected and attempts have been 
made to analyze these data to deter- 
mine the correlation between the chemi- 
cal quality of the water with the fre- 
quency and magnitude of replacements. 
Only in a general way have these data 
been informative. 

Replacements on these pumps have 
yaried from O to 50 per cent (of the 
total weight) of the pump and column 
pipe per year. In general, the greater 
the chloride and/or sulfate content of 
the water the greater the rate and cost 
of replacements. Wide discrepancies 
are still noted. These, in part, are due 
to the lack of complete and authentic 
records by the owners. Other reasons 
for these discrepancies are presumably 
related to the external factor of stray 
currents and to a large extent on the 
degree of maintenance and care given 
to the equipment. Some operators 
periodically remove their pump for in- 
spection and repair; others leave the 
pump in place until the desired quan- 
tity of water is no longer obtained or 
until a breakdown occurs, even though 
they know that the pump is not pro- 
ducing at its maximum efficiency. 

Some factors that contribute to the 
need for repairs are described as fol- 
lows: A change in mineral content of 
the water. A well when new may pro- 
duce water from one source, let us say 
the limestone which purposely or ac- 
cidentally had not been cased out. 
After heavy use the well may produce 
the major portion of its water from 
the sandstones, which in some cases 
are of greater mineral content. This 
may increase the rate of corrosion. In 
another case the pumping level may be 
far below the crevice permitting lime- 
stone water to enter the well. As this 


OF 
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limestone water enters the well and 
drops to the pumping level in the well, 
oxygen may be dissolved by the water. 
This may increase corrosion. <A high 
CO, content is sometimes found to be 
present. The turbulence produced in 
the pump unit cannot help but produce 
CO, gas in vapor to cause serious cor- 
rosion at the relatively low-pressure 
points in this unit. 

In another case a copper air line is 
used for the purpose of measuring 
water levels. This air line is in con- 
tact with the column pipe. Galvanic 
action takes place and corrosion is 
evidenced along the length of the col- 
umn pipe in the proximity of the cop- 
per air line. There have even been 
instances where some very 
copper wire has been used to bind the 
air line to the column pipe with the 
result that corrosion takes place around 
the circumference of the pipe at the 
points of contact with the copper wire. 

Galvanic action as a source of trou- 
ble cannot be stressed too much in view 
of the fact that most units use the 
standard design involving bronze im- 
pellers and cast-iron bowls. The gal- 
vanic corrosion does not ordinarily 
take place to a noticeable extent, but 
several factors may increase such ac- 
tion in some wells and not in others. 
One factor involves the question of 
whether physical contact between the 
dissimilar metals takes place and an- 
other involves the relative areas of the 
two metals exposed to the water. The 
latter factor is frequently overlooked. 
If the bronze area is small compared 
to the area of the steel or iron, little 
concentrated attack takes place. How- 
ever, if the steel or iron area is small 
compared to the bronze, accelerated 
corrosion of the iron will take place, 
concentrated on the small iron area. 
The rate of such corrosion, of course, 
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is dependent on the conductivity of the 
water, which in turn is dependent on 
the total mineral content. The rate of 
flow of the water washing away the 
corrosion products is another factor to 
be considered. 

No discussion will be presented here 
on theories of corrosion since no fac- 
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has been described as follows: On re. 
moval of the pumping unit the colump 
pipe was so magnetized that a 6-ip, 
wrench could be laid against the eo}. 
umn and it would remain there as long 
as the bowls or suction pipe remained 
in the water. When the unit was 
raised above the water level this mag. 


tual data are available. One item netism was no longer evidenced, 

worth mention, however, is the theo- To what extent stray currents exist 

retical assumption that the flow of 1 by nature in the earth, horizontal of 
REPLACEMENT OF PUMPING EQUIPMENT o/ 
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amp. fot one year will cause the loss 
of 20 lb. of iron. This is equivalent to 
70 cu.in., which is sufficient to produce 
quite a few sizeable holes. The pres- 
ence of hydrogen sulfide of course is 
always a factor which will cause cor- 
rosion. 

Besides such cases where the cause 
of corrosion is known, there are other 
instances where we can only note that 
something peculiar is taking place. 
One such instance of severe corrosion 


vertical from one strata to another, by 
virtue of accidental grounding of di- 
rect-current lines for other purposes 
or even by loss of direct current from 
the pump motor itself, is a question 
which apparently has not been studied. 

In review, it may be said that cor 
rosion in well pumps may be caused by 
the very nature of the water in the 
well itself. It may be caused by ur 
fortunate use of dissimilar materials 
in the wrong place. It may be caused 
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by actual electrolysis other than that 
roduced by galvanic action. Natu- 
rally, a highly mineralized water will 
accelerate galvanic action or stray cur- 
rent electrolysis. The rate of pump- 
ing appears to be of no great sig- 
niicance. In general, because of the 
varied use of metals as well as the 
yarious mineral contents of the water, 
each pump installation must be con- 
sidered as a separate study. 


Prevention of Corrosion 


Among the methods noted to be in 
use for the prevention of corrosion 
are the following: In one specific unit 
the column pipe on the original in- 
stallation had to be completely replaced 
at the end of 18 mo. of use. The re- 
placement was coated with bitumastic 
paint and since that time bi-annual re- 
newals of the coating have kept this 
unit in operation for 9 yr. However, 
on another installation bitumastic coat- 
ing was effective for 5 yr. only before 
complete replacement was necessary. 
In other cases ““No-oxfde” or enamel is 
usually quite effective. Still other 
cases revert from the standard design 
in which bronze impellers in cast-iron 
bowls are used and specify instead 
cast iron throughout the unit with 
notable success. In other cases the 
use of cast-iron impellers has been 
found less effective than the use of 
bronze. Chemical action may nullify 
the advantage gained by eliminating 
the electrical effects of galvanic action. 
In many cases the bronze impellers 
and cast-iron bowls are used in con- 
junction with a stainless steel shaft 
and ordinary steel column pipe with 
no harmful effects. Such an array of 
dissimilar materials would ordinarily 
be expected to enhance corrosion, but 
apparently it has been found to be an 
effective preventive in these cases? 
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Plans for some installations involv- 
ing insulation for the column pipe and 
discharge pipe from the pump motor 
and casing are under consideration. 
Some installations involve the use of 
non-conducting spiders for supporting 
the shaft protecting tube within the 
column pipe. 

At the present time other units are 
installed with the attempt to apply 
cathodic protection, which has been so 
successful in elevated tanks. It is too 
early, however, to judge the general 
effectiveness of this application. 

Another possible method for protec- 
tion would involve the use of one of 
the polyphosphates in the well water 
itself during the periods of pumping. 
This method, of course, may be quite 
expensive, but for installations where 
pump replacements must be made semi- 
annually the cost may not be prohibi- 
tive if effective at all. 

It is not the purpose of this paper 
to discuss thoroughly the economics of 
pump maintenance, but it is felt that 
too often this item is neglected. When 
it is considered that the cost of the 
pump replacements is about $17 to $20 
per 100 lb., and the cost of pulling the 
pump may often run as high as $500 
or $600, the annual cost or cost per 
million gallons of water may be quite 
an item, to say nothing of the incon- 
venience or nuisance of having the 
pump out of operation for periods of 
several days to several weeks and the 
time and labor involved by the officials 
each time the unit is removed for re- 
placements. 


Accurate Records Needed 


It is hoped that in the future ac- 
curate records will be kept by the own- 
ers and manufacturers on replacements 
and repairs in order that actual data 


Lo) 
1 re. 
lun 
in 
6-in, 
col- 
lon 
“ined 
was 
nag- 
CXIst 
il 
r, by 
di 
OSES 
f 
rom 
stion 
died. 
by 
| 
rials 
used 


890 


be available for correlation. It is 
highly important to know of the actual 
metals used and the exact points of 
corrosive attack. 

The Illinois State Water Survey has 
made several studies on the stray cur- 
rent electrolysis and further studies 
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are planned for specific installations 
It is hoped that these studies may 
yield some data whereby information 
can be given for pump materials ang 
for protection of pumping equipmer 
against corrosion by the water itself 
as well as by electrolysis. 


Discussion 


R. E. Coughlan * 


The corrosion of well pumps in rail- 
way water service is comparatively 
rare. Corrosion of pumping equip- 
ment including casings, drop pipes, etc., 
is sometimes encountered in deep wells, 
especially where carbon dioxide gas is 
present in the water or if any con- 
siderable amount of sulfates of soda 
and magnesia as well as chlorides of 
soda and magnesia are present. 

It is extremely difficult to determine 
the actual cause of the corrosion of 
well pumps when encountered, inas- 
much as the evidence is usually con- 
tradictory. 

In railway water service very little 
research has been given to this prob- 
Jem by railway technical men. 

A survey of the railways operating 
through the middle- and northwestern 
sections of the United States shows 
that during the past 20 yr. there were 
actually three cases of corrosion of 
well pumps. In one case the water had 
a high percentage of carbon dioxide, 
the second case was on a well of ex- 
tremely high mineral content and the 
third case was that of a deep well 
furnishing water extremely high in 
sulfate of soda. 

The railways in this district have 
never experienced a case of pump cor- 
rosion that could be traced directly to 


* Engineer of Tests, Chicago and North- 
western Railway Co., Chicago, III. 


galvanic action or the presence of elec. 
tric currents in the water. 
The authors suggest the possibility 


of several methods which might help}, 
to solve the problem of corrosion of], 


well pumps and, inasmuch as all re. 
search problems are seriously handi- 
capped during the present emergency, 
it is to be hoped that future studies 
can be developed in line with the sug. 
gestions as offered in this paper. 


H. V. Bowlby + 


The comments of Messrs. Larson 
and Millis are obviously preliminary 
due to lack of definite data on this 
subject, and it would be exceedingly 
constructive if it were possible for the 
Ilinois State Water Survey or some 
other organization to gather support 
ing information with reference to this 
subject, so that at some future time 
we could be better enlightened as 
the problems of this subject. 

It is the writer’s belief that by far 
the majority of our corrosion troubles 
can be traced to electric action, either 
galvanic or resulting from stray ground 
currents. On many corrosion jobs we 
find the presence of electric currents 
either induced by galvanic action o 


the result of current flows at the well. 


site from generating equipment in the 
vicinity of the well, or currents present 
from an unknown source. 


+Stannard Power Equipment Co., Chit 
cago,’ II. 


It 
vant 
the 
wate 
struc 


some 
toa 
othe: 
well 
flow 
recet 
no t1 
TI 
in th 
rents 
The 
ulat 
as th 
previ 
ferri 
pum) 
ares 
TI 
ing 
ml 
proce 
tion 
bre 
corre 


|| 

case 

ence 

gene 

10 

there 

jow 

: the 

he 

moun 

terné 

with 

ques 

if cr 

jues 

are: 


Vol. 3% 


lations. 
May 
“Mation 
als and 
‘pment 
itself. 


f elec. 


sibility 
it help 
of 
all re- 
handi- 
gency, 
studies 
le sug- 


Larson 
minary 
n this 
-dingly 
‘or the 

some 
Ipport- 
to this 
e time 

as to 


by far 
‘oubles 
either 
rround 
»bs we 
Irrents 
jon. oF 
ie wel 
in the 
resent 


., Chit 


CORROSION OF 


August 1944 


It is possible, theoretically, for gal- 
vanic action to set up current flows in 
the presence of highly mineralized 
water with certain types of pump con- 
¢ruction, and if this happens there is 
the same type of corrosion as is the 
ase with stray currents. The pres- 
ence of electric currents induced by 
renerating equipment is usually thought 
originate from direct current, but 
there have been cases with current 
jow registering as much as 100 mv. at 
the well site with no direct current in 
the vicinity. In some cases we have 
found the presence of high-voltage al- 
ernating-current transmission lines 
within 4 mi. of the well site, but it is 
questionable whether this is the source 
of current at the well site or not. The 
question here is where does the cur- 
rent originate. 

Other questions in the writer’s mind 
are: (1) Why does the current in 
sme wells flow from the well pump 
oa ground at ground surface and on 
others from the ground surface to the 
well pump? (2) Why is this current 
fow trouble becoming more evident in 
recent years in areas where heretofore 
ao trouble existed ? 

The solution for operating a pump 
n the presence of these electric cur- 
ents is still in an experimental stage. 
The writer has found the use of in- 
ulating materials to be of great help, 
is this breaks up the flow of currents, 
preventing the carrying away of the 
lerric oxides in the iron parts of the 
pump, and if this is done corrosion is 
arrested somewhat. 

The use of stainless steel line shaft- 
ing and all-bronze bowl assemblies, 
combined with bitumastic hot-spun 
processed coated column pipe, in addi- 
tion to the insulation referred to above, 
are added assurances in overcoming this 


corrosion. As each installation has 
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its particular problem with reference 
to first cost to equip a pump in this 
manner, however, a study must be 
made of this feature for a particular 
well before one would be justified in 
adopting it. 

This subject is one that cannot be 
discussed to any definite conclusion 
with facts that are known today, as we 
are all experimenting more or less in 
the dark. It would be a great con- 
tribution to the pump owners if the 
necessary data could be assembled so 
that a solution could be made to this 
issue. 


R. H. Wasson ¢ 


Corrosion in most cases is the re- 
sult evidenced by two general causes. 
The first would be the type of corro- 
sion which is illustrated by dropping a 
piece of zinc, for example, in sulfuric 
acid. The acid attacks the zinc and 
ultimately destroys it. This is the 
type of corrosion generally experi- 
enced in handling acid mine and similar 
waters. 

The second class is that referred to 
by the authors as electrochemical cor- 
rosion. Since most well pumps are 
subject to the latter type of corrosion 
remarks will be confined to that type. 

It is probably natural that a chemist 
would look to a chemical method of 
solving this problem. It is just as 
natural that a manufacturer of equip- 
ment will try to determine what fac- 
tors influence corrosion and then try to 
build equipment so as to minimize the 
destructive effects of corrosion, but 
rarely will a manufacturer attempt to 
recominend treatment of the water to 
eliminate corrosive effects. The writ- 
er’s experience, therefore, in viewing 
the destructive effects of corrosion, is 


t Manager, Pump Dept., Fairbanks, Morse 
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gathered from cases where no water 
treatment to eliminate corrosive effects 
was encountered. 

It has been found that the following 
factors affect corrosion in well pumps: 


(1) The conductivity of the electro- 
lyte affects corrosion. Those waters 
having a relatively high conductivity, 
in other words those waters which 
make a fairly good electrolyte, are 
found to promote corrosion. Waters 
of low conductivity retard corrosion. 

(2) The condition of the surface of 
the metal in the pump. The result of 
corrosion is to coat the metal with the 
products thus formed. This coating 
tends to protect the surface against 
further corrosion. However, if this 
protective coating is removed, either 
by the erosion caused by the velocity 
of the water flowing through the pump, 
or by abrasion, the protective coating 
is removed and corrosion accelerated. 

(3) The proximity of electrodes. 
In general, the closer together the elec- 
trodes, barring actual contact, the 
greater will be the corrosion. 

(4) In general, a metal under stress 
is more readily corroded than an un- 
stressed metal. 

(5) The position of the various 
metals used in construction of the 
pump in the electrochemical series. 
Generally, the farther apart the metals 
in this series, the more rapid the cor- 
rosion. 

(6) The relative area of the two dif- 
ferent materials used in construction 
of the pump. For example, an all- 
bronze pump with a steel shaft would 
present a small surface of steel com- 
pared to the large surface of bronze. 
The steel would corrode very rapidly. 

(7) The microscopic structure of 
the metal seems to be important. The 
finer grain, therefore less porous, 
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metals seem to corrode less rapidly 
than the coarser grain metals. 

Generally, the writer would recom. 
mend that the fewest possible kinds oj 
metal be used, for example, the pump 
should be either all bronze, with , 
monel or stainless steel shaft, or alj 
iron. ‘Although the latter material 
would seem to be a solution, it should 
be remembered that cast iron, as aq 
mechanical mixture of iron, carbon and 
other materials, is subject to galvanic 
action and the phenomenon generally 
called “graphitization” occurs. 
subject to this type of corrosion grad- 
ually becomes lighter and less strong; 
the iron probably having changed to 
one of the hydroxides of iron. There. 


fore, the prevention of corrosion by) 


the use of an all-iron pump is not al- 
ways successful. 


Effective Coating 


The next best selection would be a 
all-bronze pump using a monel metal 
shaft, for monel metal and bronze fall 
very close together in the electro- 
chemical series. Monel is not readily 
available at the present time, however, 


Tron 


cath 


deep 


so it will be necessary to use stainless) Micl 


steel, which is also close to the bronzes 
in the electrochemical series. The use 


of bronze for the column makes the) 
pump too expensive and the cost can-| 


not be justified by performance. The 
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of 
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level 


most practical solution found to date} Ac 


is the use of an all-bronze bowl see- 
tion with steel column, taking a great 
deal of care to see that the column is| 
carefully coated with 
paint. In other words, where the metal, 
is to be bare, a metal that will not be 
likely to deteriorate by galvanic cor 
rosion should be used and the othe 
metals coated so that water cannot at 
tack them. 
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CORROSION 
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Frank P. Macdonald § 


The authors clearly illustrate the im- 
portance of considering all factors in- 
yolved in the corrosion of well pumps. 
The total mineral content is important 
and of at least equal significance are 
the dissolved O, concentration, Lan- 
gelier saturation index, pH and other 
factors. 

It is easy to observe the significance 
of the total mineral content upon the 
corrosion intensity since the resistivity 
is governed by the mineral content. 
The presence of depolarizers such as 
ferric ions and dissolved oxygen would 
reduce the cathodic polarization and in- 
crease the open circuit potential differ- 
ence between the local anodes and 


cathodes. 


An electrical explanation of the 
magnetization of the pump casing 
would be helpful, since the rotating 
pump shaft and impeller may be cut- 
ting magnetic lines of force and gen- 
erate direct current. 


Example Cited 

About three years ago, we applied 
cathodic protection to an oil-lubricated 
deep well turbine pump at Lapeer 
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Mich., in co-operation with Mr. O. E. 
McQuire of the Sanitary Engineering 
Division of the Michigan Department 
of Health. This was an 8-in. pump 
with a 90-ft. setting and had a static 
level of 45 ft. 

Accurate records of the percentage 
of metal lost each year are not avail- 
able, but the entire column pipe below 
the static level had to be replaced fre- 
quently. 

When the pump was pulled in May 
1941, the steel column pipe showed 
large holes pitted through, throughout 


§ Electro Rust-Proofing Corp., Dayton, 
Ohio. 
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its entire length, with the loss of metal 
being concentrated below the static 
level, especially at threaded connec- 
tions. The steel shaft housing was 
badly pitted although the loss of metal 
was not as extensive as in the column 


pipe. 
Protection System 


New steel shaft enclosing pipe and 
steel column pipe was obtained and in- 
stalled in the pump assembly. A 
cathodic protection system was de- 
signed for the prevention of the loss 
of metal as previously evidenced and 
the system was installed as the pump 
was inserted in the well. The pump 
was placed in operation on June 7, 
1941, and direct current of 1.5 v. and 
0.7 amp. was applied with the pump 
operating. With the pump off and 
water at static level, 0.5 amp. was ap- 
plied. A study was made of the cor- 
rosion factors involved and the previ- 
ous loss of metal to determine the 
current density necessary to prevent 
corrosion in this pump. 

Operation was continued for 31 mo. 
until February 9, 1944, when the pump 
was pulled for inspection. Neither the 
shaft housing nor column pipe showed 
any evidence of corrosion. No scale 
or corrosion products were present and 
a slight calcium film had developed on 
the exterior surface of the shaft hous- 
ing and the interior surface of the 
column pipe. There was no apparent 
pitting or etching of the steel and its 
appearance was the same as when in- 
stalled new. The threaded connections 
were in perfect condition. The sacri- 
ficial stainless steel anode had lost some 
metal, but its appearance indicated it 
might have a useful life of an addi- 
tional one or two years. 

Cathodic protection of the shaft had 
not been provided for and some cor- 
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rosion of the shaft was evident. In 
the oil-lubricated type of pump, where 
the shaft enclosing pipe makes cathodic 
protection of the shaft impractical, it 
would appear advisable to use a stain- 
less steel shaft. 

Other applications of cathodic pro- 
tection for deep well pumps have since 
been made for the prevention of cor- 
rosion in various parts of the pumps. 
This is, however, the first inspection 
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after a reasonable operating period 


determine the results obtained, and j: 


is believed that the evidence warran 
further applications of cathodic protee. 
tion in well pumps. 

It will be necessary to study eagt 
corrosion problem separately, based oy 
the corrosion normally occurring jp 
each pump, before cathodic protectioy 
can be properly designed and success. 
fully applied. 


To tell customers about water conservation, City Light & Water 
Utilities, Kalamazoo, Mich., uses Willing Water to put across 
the message in little space and few words. The small ad shown 
below is one of a series run in local papers every other week. 
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It takes fuel to 
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The Calculation of Alkalinities and Free Carbon Dioxide 
in Water by the Use of Nomographs 


By John F. Dye 


F has long been recognized that the 
methods of calculating the three 
forms of alkalinity and the determina- 
tion of free carbon dioxide as given in 
Standard Methods and other texts are 
not accurate. These methods still rely 
on analytical procedures, stoichiometric 
in character, originally developed for 
the testing of concentrated solutions. 
The only concession that has been made 
to the growing knowledge of the physi- 
cal chemistry of dilute aqueous solu- 
tions has been the inclusion of the de- 
termination of the hydrogen-ion con- 


} centration, or, as later termed, the pH 


value of the water. Ever since the de- 
termination of the pH values of waters 


| has become a recognized necessity water 


technologists have been assiduously de- 
termining and recording pH values 


| without, except in the case of a few 


specialists, giving much thought to the 
real significance of the values they 
found, either alone or in conjunction 
with the alkalinity determinination. 
However, physical chemists investi- 
gating the properties of dilute solutions 
of the weaker, very slightly ionized 
acids and their salts, especially car- 
bonic acid, have supplied the necessary 
A paper presented on April 28, 1944, at 
the Michigan Section Meeting, Jackson, 
Mich, by John F. Dye, Chief Operator, 
Water Conditioning Plant, Board of Water 


and Electric Light Commissioners, Lansing, 
Mich. 


constants, and in 1936 Langelier (1) 
applied this knowledge to the problems 
of corrosion and scale formation and 
proposed his well-known saturation in- 
dex as a yardstick in evaluating the 
corrosive or scale-forming properties 
of waters. In his paper Langelier also 
presented equations for computing the 
carbonate and bicarbonate content and 
suggested that similarly derived equa- 
tions for carbonic acid and hydroxide 
alkalinity could well be included in 
Standard Methods to supplement the 
present discussion of alkalinity. 
DeMartini (2), in his paper which 
indicated the practical value of the 
Langelier index, presented the equa- 
tions for the computation of all four 
values, that is, free carbon dioxide and 
hydroxide, carbonate and bicarbonate 
alkalinities from the total alkalinity and 
pH value but still expressing the re- 
sults in mols per liter. Moore (3), in 
his paper on the graphic determination 
of CO, and the three forms of alka- 
linity, presented the DeMartini equa- 
tions in a much more practical form, 
in that the results were expressed in 
parts per million of CO, and of equiva- 
lent calcium carbonate in the case of 
the alkalinities. Graphs were given 
which eliminated the tedious work of 
solving these equations, but for use in 
water softening neither these graphs 
nor the triangular co-ordinate diagram 
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in the Manual of Recommended Water 
Sanitation Practice * are satisfactory. 
Interpolation and/or extrapolation is 
difficult in either case, especially in the 
range of low alkalinities dealt with in 
water softening and it was for this rea- 
son that the alignment chart and nomo- 
graphs presented here were developed. 

The author believes we have all been 
guilty of testing the alkalinity of a 
water and getting a result of, for ex- 
ample, total or methyl orange alkalinity, 
40 ppm. ; phenolphthalein alkalinity, 20 
ppm.; and assuming that only normal 
carbonate was present. At the same 
time we would determine the pH value 
of the same sample and obtain a re- 
sult of 10.30, record it and let it go at 
that. After all we were using the best 
procedure of 25 yr. ago and further- 
more Standard Methods said we were 
right. We did not realize that we were 
guilty of “double talk” and were mak- 
ing opposing statements. 

We knew that the ion product or 
K,, for water was 1 X 10° at 25°C., 
and that in determining the pH value 
we were also determining the pOH 
value, but few of us went to the trou- 
ble of actually calculating the pOH 
value, or, if out of curiosity we did so, 
we did not take the next step and con- 
vert to the equivalent hydroxide al- 
kalinity, which in the above case is 
about 10 ppm. 

Chart No. 1 gives in an easily read- 
able form the value of the hydroxide 
alkalinities for the pH range of 8 to 
12. It is strictly applicable only at a 
temperature of 25°C. A more in- 
volved chart is being constructed show- 
ing the hydroxide alkalinities for the 
various pH values over the range of 
temperatures usually encountered in 
municipal water softening. This chart 
~ * Public Health Rpts. (Reprint No. 2440) 
58: 38 No. 3 (1943). 
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will also be corrected for the total min. 
eral content or ionic strength of waters 
which of course affects the ionization 
constant. 

It should be noted here that the hy. 
droxide alkalinity found is limited by 
the total alkalinity and any pH values 
found which give values for the hy. 
croxide alkalinity in excess of the total 
alkalinity are obviously in error. 

To continue with the above case, jf 
we have a total alkalinity of 40 ppm. 
and a hydroxide alkalinity of 10 ppm, 
we cannot have a normal carbonate al- 
kalinity of 40 ppm. (according to the 
usual method of calculating this valye 
from the phenolphthalein and methyl 
orange alkalinities), since it is obvious 
that the sum of the various kinds of 
alkalinity should not be greater than 
the total or methyl orange alkalinity, 
Suppose that the above solution, in- 
stead of being a sample taken in the 
plant, is a solution made up by dis- 
solving 42.4 mg. of pure sodium car- 
bonate in a liter of boiled distilled 
water so that the amount of normal 
carbonate which has been put in solu- 
tion is known. This latter solution 
would give the same results on testing 
for phenolphthalein and methyl orange 
alkalinities and pH value as the plant 
sample, and since in this sample als 
the hydroxide alkalinity is about 10 
ppm., it is evident that there was a re. 
duction in the carbonate alkalinity 
when this normal carbonate was dis 
solved in water. An amount of car- 
bonate equivalent to the hydroxide al- 
kalinity, as determined from the pH 
value, cannot have simply vanished, % 
it would be logical to assume that tt 
has taken on a new disguise and now 
exists as bicarbonate ion, HCO;. In 
other words, to produce the hydroxide 
alkalinity found, an hydrolysis has 
taken place, the COF ion combining 


Aug 


Re 


‘ol. 36 


min- 
aters, 
ration 


e hy- 
ad by 
ralues 
hy- 
total 


se, if 


ppm. 


ppm., 
te al- 


the 
value 
ethyl 
VIOUS 
ds of 
than 
linity. 
1, in- 
n the 
y dis- 
1 
stilled 
ormal 
solu- 
lution 
esting 
range 
plant 
e also 
ut 10 
re 
alinity 
s dis 
f car- 
de al- 
ie pH 
ed, % 
hat tt 
1 now 
In 
roxide 
s has 
bining 


August 1944 


= 
a 


ike) 


10.5 


10.0 


95 


9.0 


80 


CALCULATION OF ALKALINITIES 897 


500 
100 
50 
Lal 
§ 
wo 
a 
5 a 
= 
4 
- 
1.0 
0.1 
0.05 


Relation between pH and Hydroxide 
Alkalinity in Waters, (at 25°C.) 


OH™ (in terms of CaCO,) = 


Chart 1 


5x10"? 
(A) 


with one hydrogen from a molecule of 
water to form HCO; and releasing 
one OH ion which appears then as hy- 
droxide alkalinity. The result is the 
decrease in carbonate which was in- 
dicated above. 

This chart shows very clearly that 
there is no critical pH value above 
which we have and below which we do 
not have hydroxide or so-called caustic 
alkalinity, as might be indicated by cal- 
culating the hydroxide from the fa- 
miliar 2P — M relationship. 

Chart No. 2 shows the carbonate al- 
kalinities for various pH values in the 
range usually encountered in water 
softening. This chart also is accurate 
only at 25°C. For the case discussed 
above the normal carbonate alkalinity, 
as shown by this chart, is 20.75 ppm. 
The remainder of the alkalinity, as will 
be shown on the next chart, is the bi- 
carbonate alkalinity of the sample. The 
slight discrepancy between the 10 ppm. 
OH alkalinity and the 9.25 ppm. of 
bicarbonate alkalinity may be due to 
errors in the constants used in the 
equations. 

Although the full equations are given 
on the charts for carbonate and_ bi- 
carbonate alkalinities exactly as Moore 
presented them, the hydrogen ion con- 
centration is so small a value that addi- 
tion was omitted in the numerator of 
the second term at high pH values. 
Only at a pH of 7 and lower is it of 
sufficient magnitude to affect the final 
values. 

A study of this chart shows some in- 
teresting facts: 

(1) For any total alkalinity found 
there is a maximum carbonate al- 
kalinity which, for about 35 to 40 ppm. 
total alkalinity, is about one half of the 
total. As total alkalinities increase 
above 40 ppm. the percentage of car- 
bonate alkalinity increases above 50 
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per cent and below 35 ppm. the per- 
centage decreases below 50 per cent. 
(2) The pH of maximum carbonate 
alkalinity is a function of the total and 
carbonate alkalinity, increasing as these 
values increase or decreasing as they 
decrease, instead of being a single 
value. At the Lansing, Mich., plant 
the pH of the first carbonation basin 
effluent (after excess lime treatment) 
which gave the maximum precipitation 
of calcium carbonate or the greatest de- 
crease in alkalinity was from 10.3 to 
10.4, with a total alkalinity of about 
45. This differs from the pH value of 
from 9.3 to 9.4 commonly found in the 
literature as the pH of minimum solu- 
bility of calcium carbonate and mis- 
takenly recommended as the pH value 
to which we should carbonate. This 


" lower figure is true only after com- 


plete equilibrium has been reached and 
all excess calcium carbonate has pre- 
cipitated—a _ condition almost never 
reached in plant operation. 

(3) There are two pH values for 
each value of normal carbonate except 
at the pH of maximum carbonate al- 
kalinity. This is of importance in 
water conditioning in the control of 
final alkalinity and pH by either over- 
or under-carbonating following excess 
lime treatment, and should have some 
application where split treatment is 
used. The pH can then be adjusted 
after filtration to obtain any desired 
saturation index or stability index. 

Chart No. 3 gives the value for bi- 
carbonate alkalinities in the same range 
of pH values and total alkalinities as 
the previous chart. Perhaps it could 
better be combined with Chart No. 2, 
or it could be omitted entirely and the 
bicarbonate alkalinity found by differ- 
ence, since the sum of the three kinds 
of alkalinity found on these charts al- 
ways equals the total alkalinity. 
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Chart No. 4 gives the value for the 
parts per million of free carbon dj- 
oxide corresponding to any ordinary 
pH value and alkalinity found in raw 
or softened water. The values found 
for the free carbon dioxide are slightly 
less than those found by Tillmans’ 
formula (4), the difference increasing 
as the alkalinities increase and pH 
values decrease. The chart checks ana- 
lytical results very closely if thymol 
blue, which has an end point pH of 85, 
is used instead of phenolphthalein as 
an indicator. That is, it will more cor- 
rectly show the presence of free car- 
born dioxide at higher pH values than 
the usual methods. 

Chart No. 5 is a plot of the three 
kinds of alkalinity and free CO, in a 
water of 40 ppm. total alkalinity at 
various pH values. The sum of the 
values of the three kinds of alkalinity 
at any pH value will be the same as the 
total alkalinity. 

It can be seen, according to Moore’s 
equations, what physical chemists have 
long claimed is true, i.e., that neither 
bicarbonate and hydroxide alkalinity 
nor free carbon dioxide and normal 
carbonate alkalinity are incompatible. 
In fact, at one pH value all four can 
exist in the same solution. 

Strictly speaking these nomographs 
and the equations from which they are 
derived are, according to Moore, valid 
only at room temperature or 25°C. and 
for total solid contents up to 500 ppm. 
However, except possibly for some 
surface waters in midsummer, the tem- 
peratures of waters in water softening 
plants are less than 25°C. (71°F.) and 
at higher pH values (above 10) a tem- 
perature correction should be applied 
to the ionization product for water and 
to the values for the hydrogen ion con- 
centration in these equations. There is 
some evidence, according to Larson 
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and Buswell (5), that still further cor- 
rections for ionic strength should be 
applied to the constants. These correc- 
tions would increase the free carbon di- 
oxide values by about 1 ppm. in the 
usual range. The temperature correc- 
tion is of much more importance. 

These charts have been presented 
for two reasons: first, that they may 
help to dispel some of the older no- 
tions of alkalinity and pH relation- 
ships, and second, that they and similar 
charts may help the ordinary operator 
to a better understanding of pH-alka- 
linity relationships in connection with 
the problems of water softening, and 
perhaps explain some of the apparent 
anomolies that occur in treatment. 

As Langelier, DeMartini, Moore and 
others have demonstrated, the free car- 
bon dioxide content and the bicarbon- 
ate, carbonate and hydroxide alkalini- 
ties can be computed from the pH and 
total alkalinities of waters. These 
charts have been presented as a more 
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rapid means of solving Moore’s equa- 
tions with the hope that they may prove 
more useful tools than the equations 
themselves or the diagrams, derived 
from these equations, that have so far 
been published. 
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The Effect of the Proposed New Jersey Ship Canal 
on Water Supplies 


By Charles H. Capen 


T is a recognized fact that canals 

have played an important role in af- 
fording a cheap means of transporta- 
tion and.in the development of the 
natural resources of the nation. Prior 
to the era of huge expansion of rail- 
road facilities, canals exerted a para- 
mount influence on the lives of the 
citizens and the growth of communi- 
ties. In the latter part of the last cen- 
tury, importance of inland waterways 
diminished correspondingly with the 
expansion of our railroad systems. In 
the present century, this condition has 
changed even more radically because of 
automotive transportation and more re- 
cently because of air transport, the ef- 
fects of which may become even more 
pronounced after the war. 


General Plans for a Canal Across 

New Jersey 

Development of a canal across New 
Jersey is not a new idea. It was first 
conceived at least a century and a half 
ago and came to fruition with the start- 
ing of the Delaware and Raritan Canal 
in 1830. <A century later, use of this 
inland waterway had diminished to the 
point where it was no longer profitable 
to operate. Around the turn of the last 

A paper presented May 11, 1944, at the 
New Jersey Section meeting, Newark, N.J., 
by Charles H. Capen, Chief Engr., North 
ad Dist. Water Supply Com., Wanaque, 
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century, many persons envisaged a 
much larger, speedier and more depend- 
able canal. As a result, the river and 
harbor act of 1909 authorized a study 
of an intracoastal waterway from Bos- 
ton, Mass., to Beaufort, N.C. So far 
as records available to the author are 
concerned, this was the first of a series 
of studies in which a canal across New 
Jersey has been an important item. 
In 1911, the New Jersey Legislature 
passed a resolution in favor of purchas- 
ing the land upon which such a canal 
could be constructed. 


Efforts Continuous 


The Atlantic Deeper Waterways As- 
sociation appears to have been formed 
about that same time and has been ac- 
tive ever since in the effort to obtain an 
island waterway along the entire east- 
ern seaboard south from Boston. Be- 
cause of combined efforts of this type, 
the stretch across New Jersey is now 
known as the “missing link” in the 
chain of waterways. It is not the pur- 
pose of the author to present the case 
for or against the canal in respect to its 
merits as a carrier. Rather, the ulti- 
mate effect of such a canal on the water 
supplies of the state is something in 
which all water works men may well 
take an interest and it is this aspect of 
the question on which this paper is 
based. 
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Type of Canal 


The fundamental plan has been for 
a canal from Sayreville to Bordentown. 
Various minor changes in the route and 
lock details have been suggested from 
time to time. Originally two studies 
were made, one for a lock canal and 
one for a sea-level canal. The lock 
canal had two variations, one having a 
12-ft. depth with a 90-ft. bottom width 
and the other having a 25-ft. depth and 
125-ft. bottom width. The sea-level 
canal called for a 25-ft. depth and a 
125-ft. bottom width. The early recom- 
mendation (in 1913) was for the con- 
struction of the 12-ft. depth lock canal 
with provisions for its subsequent 
change into a 25-ft. depth sea-level 
canal. 

Since that time several additional 
studies have been made by the U.S. 
Engineer’s Officer, including a compre- 
hensive report, made about 1935 and 
reviewed in 1936. Depths of 25, 27 
and 32 ft. were considered. The 27-ft. 
depth, with a bottom width of 250 ft., 
was finally recommended. * The canal 
was to have a pool elevation 10 ft. 
above mean low water with locks at 
Sayreville and Bordentown. A dam 
would be constructed across the Rari- 
tan River at Sayreville, which would 
create a small lake at elevation 10, ex- 
tending from Sayreville to a point above 
New Brunswick. 

At the Bordentown end there was 
first proposed a dam across the Dela- 
ware River. This would have been 
expensive and would have disturbed a 
number of facilities along the river 
above the dam. Later a proposal was 
made to construct a small dam on Cross- 
wicks Creek, between White Horse 
and Bordentown, so as to minimize the 
effect on the community. 

At one time the locks were to be ar- 
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ranged in two groups at each end, one 
group to have two large locks 90 ft. 
wide by 880 ft. long and two smaller 
locks 50 ft. wide by 370 ft. long. Other 
considerations have caused the revision 
of this arrangement and it is believed 
that some smaller locks may eventually 
be proposed in order to minimize the 
water requirements for locking small 
vessels in or out of the canal. 


Objections to a Sea-Level Canal 


There arises the natural question as 
to why a truly sea-level canal should 
not be constructed; and to this there 
may be given the answer that,a number 
of important factors are involved. One 
of these is the differential in tide level 
between Bordentown and Sayreville, 
both as to time and magnitude. The 
elevation of the Delaware River itself 
is an important item that would ad- 
versely affect operation. These differ- 
ences would cause currents within the 
canal. 

Another most important aspect is 
that of the salinity of the water. A 
sea-level canal would permit access of 
salt water to one of the most important 
water-bearing gravel outcrops in the 
state of New Jersey. It would also 
permit transmission of salt water into 
the Delaware River above the water 
supply intakes of Burlington on the 
New Jersey side and Philadelphia on 
the Pennsylvania side. It is believed 
that the quantity of salt so introduced 
would render the supply to those com- 
munities unusable for potable purposes. 
It would also adversely affect use of the 
Delaware River by the many industries 
located thereon. 

By coincidence, the Raritan-Magothy 
formation, well known not only to 
geologists but to a great many water 
works men as well, traverses the state 
in almost precisely the same direction 
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as the canal. In fact, a considerable 
portion of the canal would be located 
within this particular formation. A 
number of public water supplies are 
derived from this formation. Some 
large ones are those of Perth Amboy, 
Duhernal and Camden. The first would 
be directly affected by any salt water 
entering the strata. The second would 
be partly traversed by the canal and 
might be eliminated entirely: The third 
probably would not be affected because 
of the termination of the canal at Bor- 
dentown and the improbability that salt 
could traverse the strata laterally in 
such a manner as to reach the Camden 
wells. In any case, there is very strong 
argument against permitting salt water 
intrusion into the strata. This condi- 
tion appears to have been well consid- 
ered by the Army engineers. 

There are other supplies of a lesser 
magnitude that would be affected or 
threatened by a sea-level canal, and to 
each of these, individually, the loss of 
a water supply would be as great a 
calamity as to the larger cities, the dif- 
ference being merely one of quantity, 
rather than degree. 


Effect of a Lock Canal 


With the decision to install locks, a 
decidedly different set of questions was 
involved. In the first place, the water 
would have to be predominantly fresh 
water and would therefore have to be 
obtained from streams ‘available for 
such purposes. In addition to the 
quantity of water required to fill the 
canal basin, there are the quantities of 
water necessary to replenish losses 
from evaporation, leakage and, most 
important, lockage. Not only are the 
normal replacements for lockage neces- 
sary, but there are large extra quanti- 
ties required for flushing. This flush- 
ing displaces salt water in or adjacent 
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to the locks and prevents any excessive 
amounts of salt from entering the canal, 
Without flushing it was estimated that 
1,000 tons of salt would be introduced 
with each lockage. By using fresh 
water equal to the volume of the lock, 
the quantity of salt would be reduced 
to 60 tons. Recently the Army engi- 
neers have authorized construction of 
models of the proposed locks (at the 
hydraulic laboratory at Vicksburg, 
Miss.) and have specifically set out to 
establish the quantity of fresh water 
required to keep salt out of the canal, 

There would be little difficulty in 
keeping out salt if there were unlimited 
fresh water available. This, of course, 
would require either continuous flush- 
ing or prolonged and vigorous flushing 
at the time of each lockage. In either 
case it is necessary to find a means to 
obtain necessary quantities. 

In canal construction the simplest 
method to provide fresh water is to in- 
tercept one or more large streams di- 
rectly or to divert water from a large 
nearby stream. This particular canal 
is not favorably located for either of 
those two methods. The flow froma 
moderately sized watershed area, in- 
volving particularly the headwaters of 
the Millstone River, would be inter- 
cepted. This would provide a nominal 
amount of water in flood times, but in 
most seasons the contribution would be 
negligible, particularly since a minimum 
dry weather flow would have to be re- 
leased to go downstream. 

Most of the recent estimates of fresh 
water requirements for the canal en- 
vision a flow of 1,000 cu.ft. per second, 
i.e., 646 mgd., or just about twice the 
quantity of potable water now used in 
the entire industrial area of northeast: 
ern New Jersey. Within reasonable 
limits the quality of this water is not a 
too important factor, so that many 
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watershed areas could be used that 
would not be considered reasonable for 
potable purposes. 


Need of a Storage Reservoir 


Early in the studies it became ap- 
parent that a large reservoir in the 
Raritan River basin would provide 
storage that could be used to augment 
the dry weather flow of the stream to 
such an extent as to supply a major 
portion of the water requirements of 
the canal. This was reported on in 
some detail by Congress in 1935. In 
the report it was proposed that a reser- 
voir be constructed on the North Branch 
of the Raritan River, about } mi. above 
the town of North Branch. The crest 
of the dam would be at elevation 125 
(the elevation of the stream being 70). 
The area flooded would be about 9 sq. 
mi. and the storage capacity 130,000 
acre-ft. or about 40,000 mil.gal. 

Results of studies contained in this 
report showed clearly that the regulated 
flow of the Raritan River into the locks 
at Sayreville would not exceed 700 sec. 
ft. To make up this deficiency it was 
proposed to pump 200 sec. ft. from the 
Delaware River into the pool above the 
locks at Bordentown and allow this 
quantity to run out again into the Dela- 
ware River. While this would hardly 
cause a serious diversion, since it would 
remove the water at one point of the 
river and deliver it back again a short 
distance below, it was noted in the re- 
port that it might be necessary to take 
advantage of the water rights of the 
Delaware and Raritan Canal which were 
noted to be not far from the 200 sec. 
ft. required. 

Obvious deficiencies of this plan 
made it desirable to review the entire 
study and in a later report the plan 
suggested called for a dam just below 
the junction of the North and South 
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Branches of the Raritan River above 
Somerville. The capacity of this reser- 
voir would be 218,000 acre-ft. at a flow 
line elevation of 105. The water sur- 
face area would be 17 sq.mi. 

Various reviews of the situation 
show that even this increased capacity 
would not provide continuously more 
than 700 sec.ft. Some estimates show 
that as high as 875 sec.ft. would be 
needed for full-time operation. 


Effect of Canal on Watersheds 


In order to appreciate fully the ef- 
fect of the canal on the surface water 
supplies of northeastern New Jersey, 
it may be well to review the present 
uses. The bulk of water in this area is 
derived from surface sources. The 
largest users are as follows: (1) Hack- 
ensack Water Co., which obtains a 
supply from the Hackensack River and 
its tributary watershed; (2) Wanaque 
supply, operated by the North Jersey 
District Water Supply Commission for 
the several participating municipalities ; 
(3) Pequannock supply of the city of 
Newark; (4) Rockaway supply of 
Jersey City; and (5) Passaic River 
supply of the Passaic Valley Water 
Commission. 

The areas tributary to these several 
watersheds cover a large part of the 
section in question. Much of the bal- 
ance is either low-lying territory, which 
is not adaptable to use because of loca- 
tion or elevation, or is so heavily popu- 
lated that use of the runoff therefrom 
would be inadvisable. 

At times all of the five large surface 
supplies mentioned above have been 
concerned with the question of meet- 
ing demands of the consumers. The 
Wanaque supply has frequently been 
drawn on for quantities exceeding the 
extreme dry weather yield. A succes- 
sion of two or three dry years, such as 
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occurred a decade ago, would be likely 
to prove disastrous at the present rate 
of draft induced by feverish activities 
of the many war industries in the area. 

The recent construction of some im- 
portant interconnections between most 
of these supplies, as well as some others, 
has been of considerable potential value 
insofar as emergency needs are con- 
cerned. Time and experience have 
demonstrated that these cannot be re- 
lied on as an important factor for in- 
creasing the yield of the supplies col- 
lectively. Certain increases in storage 
on the large watersheds may be accom- 
plished in the future, but it is believed 
that, in general, these increases will be 
merely sufficient to meet the demands 
of the immediate consumers and will 
not make large quantities of water 
available for other areas. 

Various studies of the situation lead 
to the belief that Union, Middlesex and 
part of Somerset are the areas that are 
most likely to have residential growths 
coupled with a growth in industry. 
The territory along the Raritan River 
Valley is the section that seems most 
likely to require additional water. Pot- 
table and industrial uses of the valley 
are now about equal to the extreme dry 
weather flow of the stream. There are 
numerous indications that some of the 
industries located there cannot con- 
tinue to expand unless additional water 
is soon made available. 

The proposed ship canal would en- 
croach on the use of the entire 158 sq. 
mi. of watershed in the Raritan River 
basin, which has been nominally con- 
sidered as available for future water 
supply requirements. This area com- 
prises about one third of the total area 
tributary to the reservoir that would be 
required for operation of the canal. If 
the canal and its reservoir were con- 
structed prior to any use of the water- 
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shed for potable water supply, it is 
very unlikely that any diversions could 
be made without serious objections by 
the federal government. It must be 
noted, however, that serious considera- 
tion of use of the Raritan River water- 
shed for potable purposes goes back as 
far as 1917 in specific printed reports 
on the project and probably much 
further in actual contemplation. While 
the canal reservoir on the North 
Branch may have been contemplated 
prior to that time, there is no material 
available to the author that would so 
indicate. The reports of the chief of 
engineers, published in the thirties, gave 
various data regarding such a reser- 
voir, but so far as is known, did not 
specifically point out any necessity for 
allowing for diversions out of the 
watershed for water supply purposes. 


Recent Legislation 

Early in 1944 the New Jersey Legis- 
lature passed a bill granting a sum of 
money to the Department of Conserva- 
tion and Development for repairs to 
the Delaware and Raritan Canal, with 
power to contract for the sale of water 
from this waterway to industries lo- 
cated at points where such water could 
be used for commercial purposes. The 
bill has now become law. This may 
serve to alleviate the growing pains 
now being experienced in the Raritan 
River Valley. At the same time it may 
induce further industrial growth that 
will in time bring an attendant resi- 
dential growth. 

It is still believed by many, including 
the author, that a portion of the upper 
Raritan River watershed should be 
dedicated to potable water supply pur- 
poses, regardless of how far in the 
future its use may be required. To do 
this would require recognition of the 
case of the state of New Jersey by the 
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federal government, which was pre- 
ented at a hearing before the Commit- 
ee on Rivers and Harbors of the 
House of Representatives on March 9 
to 12, 1943. 

A report has been made to Governor 
Walter E. Edge, pointing out the possi- 
bilities of a water supply development 
on the upper branches of the Raritan 
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River, and legislation has been pre- 
pared. Apparently, there was still some 
question as to the course to pursue in 
such a water project and the bill was 
not officially presented for considera- 
tion by the legislature. It seems possi- 
ble that the problem will be studied 
further and that a bill may be offered 
at a later date. 


In the July issue of this JOURNAL, reference was made (see 
p. 724) to the failure of water works executives as well as re- 
gional utility engineers to inform themselves adequately con- 
cerning certain sections of the U-1 Order. 
brevity the words “regional engineer” were used in parts of the 
By the term “regional engineer” was meant 


brief statement. 
“regional utility engineer.” 


Under the terms of Order U-1, regional utility engineers 
maintain a list of available surplus material and water works 
executives are required to clear their needs for certain items 
through the regional utility engineer’s office. 
found in Schedule D of Order U-1 and was published on page 
249 of the February, 1944 issue of this JOURNAL. 


In the interest of 


This list will be 


Renegotiation of Water Bills by Federal Agencies 


HE interest of federal agencies and 

the Congress in obtaining services 
and supplies for the military effort at 
a minimum cost to the government has 
led to the rapid development of a re- 
negotiation aspect of war contract price 
procedures. 

The 1944 tax law contains several 
paragraphs devoted to this subject. 
This JouRNAL is privileged to publish 
an analysis of the tax law prepared by 
Mr. John Murdoch, President of the 
Pennsylvania Water Works Associa- 
Non. 

Pressure is being put on a great 


Memorandum Regarding Application of Renegotiation Act of 1943 
To Contracts With Water Supply Agencies 


The Renegotiation Act of 1943 is 
Section 403 of the Sixth Supplemental 
National Defense Appropriation Act, 
1942, approved April 28, 1942, as 
amended by Section 801 of the Reve- 
nue Act of 1942, approved October 21, 
1942; by the Military Appropriation 
Act, 1944, approved July 1, 1943; by 
Public 149, 78th Congress, approved 
July 14, 1943; and as amended in full 
by Section 701(b) of the Revenue Act 
of 1943, enacted February 25, 1944. 

The Act provides that certain con- 
tracts or subcontracts made with gov- 
ernment departments, or with holders 
of contracts or subcontracts under such 
departments, may be renegotiated by the 
government so as to recapture for the 
use of the government excessive profits 
under the contracts. 
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many water utilities, both public and 
private, for special discounts and spe. 


cial consideration on government con-| j 


tracts with the utilities. Insofar as re. 
negotiation of water bills is concerned, 
that activity is covered by the terms of 
Mr. Murdoch’s memorandum. Beyond 
the requirements for renegotiation, wa- 
ter departments or water companies 
are under no compulsion to give fed. 
eral agencies special discounts or spe 
cial consideration beyond the compul- 
sions which derive from good business 
policy and an intelligent support of the 
war effort. 


Meanings of “Contracts and “Sub 
contracts” as Applied to Water 
Supply Service 
Certain contracts made with the fol 

lowing departments are subject to re 

negotiation : 


War Department Defense Plant Cor- 
Navy Department poration 
Treasury Depart- Metals Reserve 
ment Company 
Maritime Commis- Defense Supplies 
sion Corporation 
War Shipping Ad- Rubber Reserve 
ministration Company 


The act makes the term “depart- 
ment” mean the above-named departt- 
ments, agencies or corporations. 

The Renegotiation Act applies als 
to subcontracts and sub-subcontracts, 
but the subcontract provisions do not 
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appear to apply to contracts with a 
water supply agency for the furnishing 
of water service. The word “subcon- 
tracts’ is defined in the act, Section 
493(a)(5)(A) as follows: 

Any purchase order or agreement to per- 
form all or any part of the work, or to make 
or furnish any article, required for the per- 
formance of any other contract or subcon- 
tract, but such term does not include any 
purchase order or agreement to furnish of- 
fice supplies. 

Section 403(a)(6) defines “article” 
as follows: 

The term “article” includes any material, 
part, assembly, machinery, equipment, or 
other personal property. 

The provisions in regard to subcon- 
tracts are explained in the regulations 
reproduced in the Federal Register of 
June 7, 1944, page 6163, Section 1603.- 
333(d)(2). By this regulation it is 
provided that by the definition of “sub- 
contract” 

It is intended to exclude the sale of 
articles which contribute only indirectly to 
the actual manufacturing process, such as 
products used for general plant maintenance, 
including fuel and equipment to produce 
light, heat and general power requirements 
end such as equipment needed for general 
ofice maintenance including all types of 
ofice machinery and supplies, and such as 
safety equipment and clothing. 

However, some water supply agen- 
cies may have contracts which would 
be considered subcontracts under Regu- 
lation 1603.333(b) (5), Federal Regis- 
ter June 7, 194/, page 6163. If the 
contract of the water supply agency is 
“for the performance of services di- 
rectly required for the performance of 
contracts of subcontracts” for the proc 
essing of an end product or of an article 
incorporated in the end product which 
finds its way to a “department,” such a 
contract would be under the Renegotia- 
tion Act. 
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Except as excluded by the act or the 
regulations, direct contracts with a de- 
partment for water service are con- 
tracts to which the provisions of the 
act are applicable, but water service con- 
tracts with an original contractor, rather 
than with a “department” do not seem 
to be contracts to which the provisions 
of the act are applicable. 


Exclusions 


Publicly-owned water supply agen- 
cies are not subject to the act as they 
are covered by a mandatory exclusion 
under Section 403(i1)(1)(A). See 
Federal Register of June 7, 1944, page 
6165, Section 1603.343(b)(1). The 


regulation reads as follows: 


Under this provision of the Act no con- 
tract between one of the Departments and 
any other Federal, local or foreign Govern- 
ment agency is subject to renegotiation. A 
municipal corporation, whether acting in a 
proprietary or governmental capacity, is con- 
sidered to be an agency of a State for the 
purposes of this exemption. 


Paragraph (2) of the same regula- 
tion exempts such municipal corpora- 
tions when acting as subcontractors. 

There is an exclusion or exemption 
from renegotiation measured by the 
volume of business. Section 403(c) 
(6)(B) provides that: 


This subsection shall be applicable to all 
contracts ... to the extent of amounts re- 
ceived or accrued thereunder in any fiscal year 
ending after June 30, 1943, ... unless... 
(B) the aggregate of the amounts received 
or accrued in such fiscal year by the contrac- 
tor or subcontractor and all persons under 
the control of or controlling or under com- . 
mon control with the contractor or subcon- 
tractor, under contracts with the Depart- 
ments, ... do not exceed $500,000. ... If 
such fiscal year is a fractional part of twelve 
months, the $500,000 amount .. . shall be re- 
duced to the same fractional part thereof for 
the purposes of this paragraph. 


This provision is explained in the 
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regulations in the Federal Register of 
June 7, 1944, page 6168, Section 1603.- 
348. 

Under this section and the regula- 
tions, if the aggregate amounts received 
by a privately-owned water company 
and its affiliated interests under con- 
tracts with the departments amount in 
a fiscal year to more than $500,000, 
then all of the contracts may be re- 
negotiated, but the aggregate receipts 
may not be reduced by refund below 
the exemption of $500,000. 


Financial Statements Required 


A water supply agency, other than a 
publicly-owned agency, holding con- 
tracts with a department to which the 
provisions of the act are applicable, 
shall file financial statements in a form 
to be prescribed. This provision is set 
forth in Section 403(c) (5). No finan- 
cial statement is required if the aggre- 
gate of the amounts received in the 
fiscal year by the water supply agency 
and its affiliated interests under depart- 
ment contracts amount to no more than 
$500,000. 

The form of financial statement re- 
quired from a utility is set forth in the 
Regulations in the Federal Register of 
June 7, 1944, page 6157, Section 1602.- 
222(4) as follows: 


Name and address of contractor. 

Names of companies, if any, under the con- 
trol of, or controlling, or under common con- 
trol with the contractor. 

Nature of principal business. 

Date of expiration of fiscal year. 

Balance Sheet, Profit and Loss Statement 
and Surplus Statement of the contractor for 
latest completed fiscal year. 
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Declaration by the contractor that it wil 
furnish such further and additional informa. 
tion as may be required by or on behalf of 
the War Contracts Board. 

Such statement shall be executed on be. 
half of the contractor by his duly authorize; 
representative and shall contain a certificat 
that the representations thereby submitte/ 
are true and correct to the best of his knowl. 
edge and belief. 


It would seem that all privatel 
owned water companies having direc 
contracts with the War Department, 
the Navy Department, the Treasury 
Department, the Maritime Commission, 
the War Shipping Administration, De. 
fense Plant Corporation, Metals Re. 
serve Company, Defense Supplies Cor- 
poration and Rubber Reserve Company 
should file the financial statements re. 
quired by the Regulations, if the ag. 
gregate amounts received by the com; 
pany and its affiliates amounted to more 
than $500,000. These financial state! 
ments are to be filed on or before the 
first day of the fourth month following 
the close of the fiscal year, or on or be- 
fore the first day of the fourth month 
following the month in which the Reve. 
nue Act of 1943 was enacted. (Feb 
ruary 25, 1944). The statements 
should be filed with the War Contracts 
Price Adjustment Board, Washington, 
DA. 


Statute of Limitations 


No proceedings to determine the 
amount of excessive profits shall be 
commenced more than one year after 
the close of the fiscal year in which re- 
ceived, or more than one year after the 
filing of the financial statement which- 
ever is later. 
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WATER WORKS ANNUAL REPORTS 


13th Annual Report (For Year Ending 
December 31, 1942) of the Water Bureau, 
Metropolitan District, Hartford, Conn. Dist. 
organized in '29 includes city of Hartford and 
towns of Bloomfield, Newington, Weathers- 
field, Windsor and East Hartford. Estd. 
pop. served 325,000. Consumption 29.125 
mgd. or 89.6 gal. per capita. Gravity supply, 
cost of water per mil.gal. delivered, operation 
and maintenance $80.40; fixed charges $68.56 
—total $148.96. Distr. system of 587.47 mi. 
of 1 to 48” mains serves 36,802 meters and 
3812 hydrants. Distr. system extension of 
27.5 mi. includes 17.5 mi. of 36” and 48” 
mains. 83 hydrants and 3137 meters added 
to system. Filtered and chlorinated water 
delivered has pH 6.5; hardness 12 ppm. In- 
come: sale of water $1,569,124; other water 
revenue $18,924; other income $12,134 
total $1,600,182. Expense operation and 
maintenance $554,413, depreciation $275,700, 
taxes $24,554, sinking fund $416,000, in- 
terest $308,110, miscellaneous $4,702. Total 
$1,583,479. $16,703 transferred to surplus. 
Fixed capital $29,349,896, bonded debt 
$11,569,000. Under Metropolitan District 
operation ('30-'42) plant value has increased 
104.5%, revenue from sale of water 60%, 
operation expense 55.3%, consumption 56.3%, 
pop. supplied 53.39%, number of services 
44.4%. Consumption of over 28 mgd. re- 
corded on 166 days in ’42 as against 32 days 
in ’41. Max. rates of 45 mgd. prevailed, 
based on a 6-hr. period. About 93% of 
water filtered through slow sand filters and 
chlorinated at cost of $3.85 per mil.gal.; 
remainder of water chlorinated only. Dist. 
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maintd. 27 rainfall and 7 stream-flow stations 
on watershed. Rainfall was 52.9’ or about 
17% in excess of long-time avg. of 44.4’’.— 
O. R. Elting. 


Annual Report (For Year Ending Decem- 
ber 31, 1942), Medford (Mass.) Board of 
Water and Sewer Commissioners. Estd. 
pop., 63,900. Avg. water consumption, 3.7 
mgd. or 58 gpd. per capita. Operating in- 
come was $249,317.50; accounts receivable, 
$15,608.59; operating expense, $70,262.28; 
metropolitan water tax, bonds retired and 
interest on water debt, $195,745.16; expendi- 
tures from bond fund for water main constr., 
$38,255.06; balance in bond fund, $7,198.15. 
Distr. system consists of 114 mi. of 8, 6 and 4” 
water mains with 1156 fire hydrants. In ’42, 
1569’ of new mains and 7 hydrants added. 
There are 11,068 services, 40 being added 
during yr. System 100% metered. Sewer ex- 
tensions totaling 1682’ and costing $48,772.50 
added to sewerage system, making total of 
104.95 mi. There are 11,784 sewer connec- 
tions, 43 being added during yr. at cost of 
$5,033.89. Operation and maint. of sewers, 
brooks and streams cost $7,460.68.—O. R. 
Elting. 


Annual Report (For Year Ending April 30, 
1942) for the Water Department, Kansas 
City, Mo. Estd. pop. served 400,000 within 
city and 75,000 outside. City distr. system 
of 873.95 mi. of 2 to 54” pipe serves 88,136 
services (94.8% metered) and 10,324 fire 
hydrants. Avg. amt. of water delivered to 
city 42.1 mgd. Treated Missouri R. water 
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delivered to system has hardness of 225 ppm. 
Water softening plant under constr. will 
reduce this to estd. 90 ppm. Improvement 
estd. to cost $900,000 will save consumers 
about $350,000 per yr. in cost of soap. 
Operating income $2,293,245, operating ex- 
pense $996,999, depreciation $562,140, in- 
terest $513,598, miscellaneous $16,248. To 
surplus $204,260—total surplus $7,549,682. 
Operating expense includes $34,074 for civil- 
ian defense. Plant asset $27,770,440, less 
$7,317,440 depreciation. Net $20,453,010. 
Funded debt $14,067,000.—O. R. Elting. 


Milwaukee’s Progress, 1942. Report of 
all city activities prepd. by Municipal Refer- 
ence Library. Water works operating reve- 
nues, $3,023,110, increase of $117,388 over 
’41. Net operating revenue over operation, 
maint., depreciation, interest and _ taxes 
equaled $665,830. $201,672 being reserved 
for bond redemption and $464,158 added to 
surplus. Value of plant $34,926,764; bonded 
debt $2,210,000; depreciation reserve $6,113,- 
124; city’s proprietary interest $28,546,275. 
Water consumption 91.95 mgd. as against 
89.67 mgd. for '41. Distr. system consists of 
1007 mi. of 6 to 54” mains serving 8608 
hydrants and 97,955 meters. System 98.86% 
metered. Water main extensions only 766’ 
as compared with 11 mi. in '41. 387 services 
added during year. Per capita consump- 
tion, 137 gpd. for estd. pop. of 671,000.— 
O. R. Elting. 


30th Annual Report (For Year Ending June 
30, 1943) of the Pasadena, Calif., Water Dept. 
Estd. pop. 107,900. Water consumption 
13.6 mgd. or 127 gal. per capita. WPB re- 
strictions on materials and shortage of labor 
reduced new constr. to $47,661, smallest 
amt. in history of dept. Special rate for 
victory garden irrigation put into effect in ’42 
continued in '43. As of June 30, '43, 2761 
applications for garden rates approved. 
This rate provides for 6’ per month at ap- 
prox. one half domestic rate. Distr. system, 
consisting of 368 mi. of 2 to 36” mains, serves 
1749 hydrants and 29,982 services. 68% of 
water obtained from wells and remainder 
from Arroyo Seco and Eaton Canyons. 
Gross revenue $1,000,168, increase of $15,796 
over ‘41-'42. Operating and maint. ex- 
penses $761,925, increase of $65,802, due 
principally to 39% increase in operation of 
pumping plants over previous years and 
maint. of guards on dept. properties. Fixed 
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assets $8,308,882, depreciation reserve $3. 
167,776, net $5,141,106. Bonded indebted. 
ness $5,536,812. Prelim. plans for postwar 
constr. involving $674,000 expenditures for 
reservoir and water main constr. have beep 
completed. Department organized in ‘12 by 
purchase of 3 water companies. Since then 
it has acquired 33 other systems.—0O. R, 
Elting. 


Annual Report (For Year Ending December 
31, 1943) of the Water Department of the 
City of Seattle, Wash. Estd. pop. 575,000, 
Estd. consumption, 65.23 mgd. or 143 gal, 
per capita. Water mains 2 to 54” in diam- 
eter total 1144 mi., serving 101,036 services 
(100% metered) and 10,354 hydrants. In 
43, 11.73 mi. of mains, 73 hydrants and 2075 
services added to system. Demand for 
water 19.4% over '42. Continued increase 
in demand will necessitate addnl. main from 
control works at Lake Young to the city, 
Supply and control work have capac. for 50% 
increase. Gross operating revenue $2,895,419: 
non-operating revenue $37,238; operating 
expense $725,093. Net income of $2,207,564, 
increase of $240,825 over ‘42, disposed of as 
follows: depreciation $619,896; interest on 
bonds $179,839; amortization of franchise 
and bond discounts $10,107; budget transfer 
by special ordinance $250,000; city occupa- 
tional tax $87,567; sewerage service tax 
$576,000; general fund service tax $45,030; 
state utility and occupational tax $61,774, 
Total taxes $1,020,371, leaving net income of 
$377,352 added to surplus account totaling 
$12,328,651 at end of yr. Depreciated net 
value of resources $25,844,479. Outstanding 
bonds $4,145,000. Operating expense in- 
cludes item of $100,000 placed in reserve for 
deferred maint. which could not be under- 
taken due to manpower shortage and material 
restrictions. Tap water: total hardness 22.7 
ppm., pH 7.1, Cl 2.0 ppm. Cost of water 
delivered $0.0805 per 100 cu.ft.—0O. R. Elting. 


Annual Report (For Year Ending December 
31, 1943), Denver (Colo.) Board of Water 
Commissioners. Board organized in ‘I8 
comprised of 5 men. Water consumption 
avgd. 77.84 mgd. or 191 gpd. for each of 
407,000 citizens. Yearly, monthly and daily 
avgs. exceeded all previous records. Max. 
day 168.74 mil.gal. Yearly avg. for ‘41, 
60.33 mgd. Plant able to keep pace with 
rapidly growing community and has made it 
possible to supply army camps, war industries 
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and about 8000 victory gardens without 
interruption to regular service. Board au- 
thorized use of water for vacant lot victory 
garden on basis of $1.00 for a lot 25’ X 150’ 
or smaller, instead of usual $4.40. City 
Council assumed payment of $1.00 out of 
General Revenue. Reduced water rates 
effective Apr. 1, 43, will save consumers 
$180,000 annually. Income for '43, $3,288,- 
993; disbursement, operation and maint., 
$965,024 (29.3%); depreciation, $607,370 
(18.5%); capital expense, $1,563,028 (47.5%); 
invested capital, $153,871 (4.7%). Value 
of plant, $43,800,305; capital liabilities, 
$23,677,600. Cost per mil.gal. delivered 
(including 4% interest on investment), 
$115.87. Total service tops 81,202 active 
meters 3014 meter revenue 29.8% of total. 
398 services added in '43 as against 2732 in 
‘$1 and 950 in '42. System consists of 115 
mi. of 12 to 84’ conduits and 825 mi. of 1’ 
to 48” mains in distr. system, 14 mi. of which 
outside city limits. Main constr. in '43 0.8 mi. 
Avg. analysis: South Platte Source, total 
hardness 109 ppm., pH 7.5, temp. 14.2°C.; 
Moffat Diversion Source total hardness 49 
ppm., pH 7.4, temp. 8.9°C. Source of 
supply for city consumption: S. Platte 
River 49%, Fraser River 29%, storage 15%, 
Cherry and Bear Creeks 7%.—0O. R. Elting. 


Greenville (S.C.) City Water Works. 
Auditor’s Report (For Year Ending July 31, 
1943). Net profit from operation, $179,073. 
This compares with $161,089 for ’42 and 
$143,437 for ’41. Of this sum $100,000 ap- 
plied to capital charges and $17,938 to addns. 
toplant. Value of plant and equip., $5,080,- 
847. Total assets, $7,256,466. Surplus (ex- 
cess assets over liabilities) $1,658,614.—O. R. 
Elting. 


86th Annual Report (For Year Ending 
December 31, 1943), Louisville (Ky.) Water 
Co. Revenues and net earnings for year 
were highest in records. In general, costs 
held to same amt. as in '42. Revenues were 
$2,544,178, increase of $186,823 over °42. 
Net profit for year equaled $1,350,304, in- 
crease of $177,985. During '43, $1,250,000 
in dividends paid to Sinking Fund Board. 
Bonded indebtedness of $1,000,000 offset by 
sinking-fund reserve of $872,548. Cash re- 
serve fund of $1,000,000 in govt. securities 
earmarked for expansion and improvements. 
Report of Alvord, Burdick & Howson sets 
forth projects totaling $4,400,000; $1,900,000 
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of this constr. to be completed before ’50. 
Fixed capital valued at $21,847,373. Pop. of 
city and county estd. at 375,000. Original 
constr. in '80. System owned by city and 
managed by Board of Water Works. Source 
of supply Ohio R. Water pumped to reser- 
voir and repumped to system 54 megd., in- 
crease of 5.66 mgd. over °'42. Pumpage 
exceeds 70 mgd. for 3 consecutive days. 
Max. consumption was 105.7 mgd. on evening 
of Aug. 24. Diminished ground-water levels 
noted for several yr. became almost major 
catastrophe during yr. Many war industries 
using immense quants. of ground water con- 
fronted with total failure of supply. Com- 
pany able to meet extra demand with no 
reduction in high std. of service or quant. of 
water. Recommended that those industries 
use city water in cooler months, reserving 
underground reservoirs of cool water for 
summer use. Water Co. inaugurated plan 
of rebating 50% of price of water to some 
6000 victory gardeners. Consumers increase, 
1114; 839 new installations and 275 unused 
services reconnected. Active services total- 
ing 75,597 are 100° metered. © Distr. sys- 
tem totals 736.67 mi.; 5.65 mi. added during 
yr. Cost of pumping of Riverside Station 
(elec. pumping with steam standby) $4.1615 
per mil.gal. or $3.185 per mil.gal. raised 100’, 
compared with $6.163 and $3.134 for °42. 
Crescent Hill Station, $6.16115 per mil.gal. 
and $4.750 per mil.gal. raised 100’, compared 
to $6.4691 and $4.713, resp., for "42. Total 
cost of purif., $6.008 per mil.gal. divided: 
supervision, $0.512; operating labor, $1.384; 
chems., $2.537; wash water, $0.513; heat, light 
and power, $0.313; supplies, $0.130; maint., 
$0.619. Avg. length filter runs: East Filters, 
37.87 hr.; South Filters, 35.08 hr.; North 
Filters not operated. Wash water equaled 
2.66% of total filtered. Avg. chem. dosage 
in gpg. filtered: alum, 0.90; pebble lime, 0.350; 
in lb. per mil.gal. filtered: Cl, 13.35; am- 
monium sulfate, 4.12; activated carbon (in- 
termittent use only), 19.75. Detns. for (1) 
37°C. count, (2) coliform organisms per 100 
ml., (3) turbidity and (4) alky., avgd: river 
water (1) 4014, (2) 3249, (3) 150, (4) 58; 
settled water (1) 2992, (2) 1649, (3) 88, (4) 56; 
coagulated water (1) 1193, (2) 93, (3) 12, (4) 50; 


filtered water (1) 1.63, (2) 0, (3) 0, (4) 58. 


Total hardness 127 ppm.; pH 8.2; total 
solids 260 ppm.; Cl 31.—0O. R. Elting. 


34th Annual Report (1943) of Oak Park 
(Ill.) Water Department. Water secured on 


4 
rl. 36 
twe 
n 
| 
en 
. R 
th 
| 
: 
Gage 
| 
Be 
din 
ing 
e 
| 
7 
er- 
erial 
227 
d 


914 JOURNAL—AMERICAN WATER WORKS ASSOCIATION V ol. % 


metered basis from city of Chicago. Estd. 
pop. 69,000; daily consumption 5.303 mil.gal. 
or 27.3 gal. per capita. 107.4 mi. of mains 
supply 12,011 meters and 1135 hydrants. 
9 services added in '43. System 100% 
metered. Water sold 89.5% of total. Total 
income $408,509. Expense: purchase of 
water $142,702; operation and maint. $76,783; 
interest $2,905; depreciation, $37,100; total 
$259,490 transferred to police and fire funds 
$160,419, net loss $11,400. Fixed assets 
original $1,264,473; less depreciation $322,656. 
Liabilities, bonds and deposit funds $93,765. 
Net worth (excess of assets over liabilities) 
$483,752.—O. R. Elting. 


Annual Report (For the Year Ending De- 
cember 31, 1943), Des Moines (Iowa) Water 
Works. Operated by 5-man Bd. of Trustees. 
Pop., 178,406; water consumption, 16.987 
mgd. or 95.2 gpd. per capita—increase of 
9.7% over '42. Metered water is 88.6% of 
water pumped. Distr. system contains 427 
mi. of 4” to 36” water mains and 3665 fire 
hydrants. No fire hydrants added during 
year and water main extensions totaled 0.18 
mi. 38,981 active services—increase of 157 for 
the year. Gross income was $1,032,401.31— 
increase of 6.58% over '42, while operating 
costs, exclusive of fixed charges and deprecia- 
tion, were $395,380.74—decrease of 3.52% 
from ‘42. These operating costs were $2.22 
per capita, $924.40 per mi. of pipe, $10.14 
per service, $63.77 per mil.gal. pumped and 
38.30% of gross income. Interest paid was 
16.99% of gross income. Book valuation of 
fixed assets as of Dec. 31, '43 was $7,191,349.82, 
with bonded indebtedness of $3,506,000. 
Invested capital acct. increased $202,625.45, 
19.63% of operating revenue. Pumping 
station output avgd. 16.97 mgd., max. of 
29.1 mgd. and min. of 6.7 mgd. Avg. head 
was 280.3’. Coal burned per 1000 gal. of 


_ water pumped avgd. 3.42 lb. corrected for 


steam used in heating. Boiler and stoker 
efficiency, 67.7%. Coal analyses as fired: 
moisture, 19.95%; ash, 14.52%; Btu. per lb., 
9.425. Total hardness of water, 357 ppm.; 
pH, 6.95.—0. R. Elting. 


Annual Report (For the Year Ending De- 
cember 31, 1943), Elmira (N.Y.) Water Board. 
Bd. organized in ’15 comprised of 5 taxpayers, 
one elected each year for period of 5 yr. One 
commissioner has served since '19 and one 
since ‘28. Pop. of 66,000 consumed 6.34 
mgd.—increase of 1.12 mgd. over '40. Be- 


lieved that peak demand has passed. Cop 
sumption during last 6 mo. decreased, thy, 
offsetting increase during first 6 mo. De 
crease resulted in part from water Conserya. 
tion policy introduced by board as part ¢ 
national program for conservation of naturg 
resources. About 3 mi. of water mains ané 
19 hydrants added to system, making a totg 
of 165 mi. of mains and 816 hydrants. Ther 
are now 14,941 connections to system, 43 
being added during year. This number ey. 
ceeded only in ’16 and '25. System 1004 
metered. Cleaning of 16’ main from Hof. 
man Creek Reservoir to filtration plant ip. 
creased its capac. from 6.3 to 8.2 mgd. Oper 
ating revenue was $305,184.15 with operating 
expenses, including depreciation of $194. 
863.07, leaving an operating income ¢ 
$110,321.08. Non-operating income was $2. 
303.80 and income deductions for interest op 
bonds and consumers deposits were $7,128.37 
After paying $60,000 for bond retirement, ney 
income of $45,496.51 resulted from year’ 
operation. Plant and equip. valued a 
$2,715,004.13, with bonded indebtedness o 
$120,000. Balance sheet indicates city’ 
equity as $2,265,349.95; also contains specia 
fund of $30,044 for postwar constr.—O. R 
Elting. 


Annual Report (For Year Ending April 12 
1943) of the Water Division, St. Louis, Mo, 
Water Works acquired in 1835. Pop. o 
814,717; daily consumption 139.4 mil.gal 
or 171 gal. per capita. Distr. system of 1.257 
mi. serves 156,032 services (8.88% metered 
and 15,197 public and private fire hydrants 
475 services and 35 hydrants added during yr 
Total hardness of water 99 ppm. Gross reve 
nue from sale of water $4,149,769, less $56,437 
commission paid collector. Net revenu 
$4,093,332. Operation and maint. $2,036,181 
Excess of total receipts over total expenditures 
was $928,350. Cost of plant $52,451,320 
Bonds outstanding $2,926,000. Cost per 
mil.gal. consumed $65.18. Revenue $80.4 
per mil.gal. Highest stage of Missouri R. 
on record since Howard Bend Plant has beer 
in operation occurred June 28, ’42 with gage 
reading of 42.95 but 2.2 below door sills 
engine room and boiler house. Study being 
made of necessary plant protection and pro 
vision for washing filters during periods o 
high water. Suspended matter and dis 
solved matter and chems. removed from river 
water avgd. 995 tons daily. Wartime pro 
tection of Water Division property cost 
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$46,616. Water Division stored over 10,000 
tons of old tires and scrap rubber for Rubber 
Reserve Corp. Cost of this work was $69,040 
for which Division reimbursed. Leaks de 
veloped in first 60” steel conduit between 
Howard Bend and city required 129 plates 
to be welded onto conduit and 1926 pits 
filled by welding at cost of $10,310.—0. R. 
Elting. 


Ninth Biennial Report, Board of Water 
Supply, City and County of Honolulu, 1941-42. 
War caused greatly augmented demands on 
system; because of preparedness, however, 
possible to continue adequate and satis- 
factory service. Situation aggravated by 
drought; water use reached peak of more than 
10 mgd. in excess of what considered safe 
withdrawal from artesian areas within Dist. 
of Honolulu. Dept. now proceeding with 
N. Halowa Project in which addnl. artesian 
water will be brought to system from a 284’ 
—30° inclined shaft and electrically operated 
underground pumping station in N. Halowa 
Valley. Laying of 4 mi. of 42” and 36” mains 
required; installation provides for two 5-mgd. 
pumps with later addn. of 10 mgd. unit. 
Estd. cost 1.5 million dollars. War protec- 
tion precautions for plant and system, begun 
17 yr. ago, consisted of decentralization of 
pumping stations; operation by steam for 
independence of centralized elec. energy; 
bldgs. constructed of heavy reinforced con- 
crete; and installation of valves to provide 
continuous service. Plants now also guarded 
by Army. In prepg. for present war, trucks 
equipped with radios, some with two-way sets; 
employees given identification tags, im- 
munized against typhoid and smallpox; under- 
ground control center built, in which at least 
one executive sleeps every night; center large 
enough to house employees and consists of 
10 tunnels. Only 4 breaks occurred in Dec. 7 
attack, consisting of 6’ main broken as result 
of water hammer caused by too rapid closing 
of fire hydrants at school on which direct hit 
made; another 6” main from same cause; 
direct hit of 1}”’ service by either bomb or 
anti-aircraft shell; and }?’’ service break from 


same cause. Pop. of territory estd. at 
210,000, of which 205,000 served. Vital 
statistics for 2 yr. as follows: 
Item 41 "42 
Total consumption, mil.gal... 9643 9779 
Passed through meters, 
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Avg. consumption, mgd... 26.4 26.8 
Avg. consumption, gpd. per 
Avg. consumption per service, 
Cost of water per mil.gal: 
Based on total maint., 
Based on total maint. plus 
fixed charges, dollars.... 125.80 124.13 


326.1 


Total pipe in system, mi..... : 
22,620 6525 


Repair cost per mi. of main, 


Leaks per mi. of main...... 0.23 0.15 
No. of services added....... 1482 362 
Total services in system... 25,436 25,615 
Meters added.............. 1482 185 
Total meters in system...... 25,413 25,598 
Percentage of system metered 99.91 99,93 
Meters tested: 
Meters repaired............ 4065 3164 
No. bact. samples........ 1185 4601 
Avg. plate count........... 10.83 12.77 
No. of 10-ml. portions. ..... 3059 9840 
Percentage positive for coli- 
form organisms........ 2.61 6.50 


87% of water comes from artesian wells, 13% 
from springs and tunnels, latter all gravity. 
Pressure range in system, 55-175 lb. Water 
has alky. of 52-69 ppm., total hardness of 
37-205 ppm., total solids of 190-655 ppm.; 
pH of 7.5-8.2. Max. daily pumpage oc- 
cured on Aug. 1, '41, and equalled 33.7 mil. 
gal.; min. day on day after Pearl Harbor, 
Dec. 8, ‘41, equalled 15.5 mil.gal. Total 
receipts for ’41, $1,590,310; for ’42, $1,599,138. 
Balance sheet shows assets of $11,673,528 of 
which $7, 915,613 net cost of utility, with ac- 
cumulated depreciation of $4,086,802. In- 
itial cost, $12,002,415. Total operating ex- 
penses in ‘41, $653,532; for '42, $690,343. 
Detailed data given of trouble found in 
meters. Reports contain informative graphs 
and illustrative photos showing some struc- 
tures and underground shelter.— Martin E. 
Flentje. 


Annual Report, Chatham, Ont., 1943. 
Anon. WW. Inf. Exch.—Can. Sec. A.W. 
W.A. 5: E: 27: 48 (Feb. ’44). Pop. 22,000. 
Max. consumption 3.5 mgd. (U.S.) and avg. 
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2.59 mgd. or 118 gal. per capita. Total cost 
8.38¢ per 1000 gal. Revenue $102,193.68— 


$30,950.35 in excess of expenses. Chem. 
dosages: Cl (pre- and_ post-chlorination) 
13.3 and ammonium sulfate 3.9 lb. per mil. 
gal.; alum 1.6 gpg. Max. turbidity of river 
water 1200 ppm. Pressure: domestic 60, 
fire service 100 psi.—R. E. Thompson. 


Annual Report, Dorval, Que., 1943. ANoN. 
W.W. Inf. Exch.—Can. Sec. A.W.W.A. 5: 
E: 26: 46 (Feb. '44). Rapid sand filter plant 
consists of 2 coagulation basins, providing 
2 hr. 40 min. nominal retention, and 4 filters, 
2 with sand as filtering medium and 2 with 
anthrafilt. Avg. turbidity of raw water 25 
ppm. and avg. color 50 ppm. Latter re- 
duced to 7 ppm. Max. daily consumption 
0.95 mil.gal. (U.S.) and avg. 0.59 mil.gal. or 
183 gal. per capita. Filter runs 32-50 hr., 
avg. 38. Avg. chem. dosages: alum 2.46 
gpg., lime 0.70 gpg., Cl 0.37 ppm. Revenue 
$18,501.47; expenses $20,400.11. Cost per 
mil.gal. $95.08 or $6.17 per capita. Meter 
rates 35¢ per 1000 gal. (U.S.). No charge 
for fire protection. Underground storage 
140,000 gal.; elevated 100,000.—R. E. Thomp- 
son. 


Annual Report, Kitchener, Ont., 1943. 
W.W. Inf. Exch.—Can. Sec. A.W.W.A. 5: E: 
28: 50 (Feb. °44). Pop. 36,348. Supply 
from deep wells. Alky. 244, soap consuming 
power 445, chlorides 6 ppm. Avg. consump- 
tion 4.18 mgd. or 115 gal. per capita. Hy- 
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drant rental $35 per annum. Metered water 
rate 17.3¢ per 1000 gal. 6.5¢ for largest con. 
sumers. Plant value $809,271.03, debenture 
debt $4,465.06. Total revenue $109,336.79, 
disbursements $69,788.29. Surplus account 
now $308,521.66.—R. E. Thompson. 


Annual Report, Malarctic, Que., 1949, 
Anon. W.W. Inf. Exch.—Can. Sec. A.W 
W.A. 5: E: 24: 42 (Dec. '43). Supply for 
pop. of 3200-3500 drawn from Malarctic R. 
above dam and treated by gravity mech, 
filtration and chlorination. 2 filters each 
have capac. of 250 gpm. Water pumped 
direct to system from 35,000-gal. clear water 
storage. Filters washed with water from 
1300-gpm. pump. Consumption avgd. 0.227 
mgd.—68 gal. per capita. Filter runs 25,5- 
382 hr. Alum dosage 3.0-10.27 gpg., avg. 
5.41; soda ash 1.65-5.72, avg. 2.7, exclusive 
of that used for corrosion control.—R. E. 
Thompson. 

W.W. Inf. 


Ottawa Report, 1942. ANON. 


Exch.—Can. Sec. A.W.W.A. 5: E: 25: 4 
(Dec. '43). Ottawa R. water treated by 
gravity mech. filtration and chlorination, 
Pop. served 179,160; 158,581 within city 
limits. Only 8% of 33,187 services metered, 
Consumption 19.716 mgd.—110 gal. per 
capita. Avg. chem. dosages: alum, 2.66 


gpg.; lime, 0.81 gpg.; Cle, 3.36 lb. per mil.gal, 
In addn., 2990 lb. activated C used. Avg. 
filter run 73.28 hr.; wash water 1.77%. Avg 
rate of filtration 65.57 mgd.—R. E. Thompson. 


ADMINISTRATION, PERSONNEL AND PUBLIC RELATIONS 


Training of the Young Water Engineer. 
H. R. DAVENPORT. Surveyor (Br.) 103: 87 
(Feb. 25, '44). It is better for youth to take 
full-time course at university because of in- 
creasingly scientific basis of water eng. 
Thereafter, experience governed by type of 
work handed to him. Young engr. has to 
seek varied experience by going from job to 
job. Few students continue at university 
after completing 3-yr. degree course. No- 
where can he obtain instruction in specialized 
subject of water eng. Author ests. annual 
intake into water works profession to be only 
14; can find room for only 420 qualified water 
engrs. in British Isles. Water engr.’s work 
may be divided into 4 main sections: (1) 


initiation, design and constr. of new works; 
(2) production of wholesome water and 
maint. of works; (3) distr. of finished product; 
(4) management and admin. and contacts 
with governmental depts. Water engr. re 
quires thorough knowledge of civ. eng, 
involving constr., mech. and elec. eng., with 
organizing ability to carry out constr. by 
direct labor; knowledge of chemistry and 
bacteriology, legislation affecting water works, 
business and admin. methods of plumbing 
practice and considerable knowledge o 
hydraulics. Principal lack of training mostly 
in operation and management. No attempt 
at specialized training should be made unti 
man has passed or become exempt from 
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examns. of Inst. of Civ. Engrs. Having 
arrived at stage where specialization is re- 
quired he should be given definite jobs to 
undertake and one or two juniors should be 
placed under his supervision. Addnl. theo- 
retical knowledge must be mainly from books. 
Formation of schools covering 3 days would 
enable young engrs. to hear lectures by 
specialists. Addnl. qualification for election 
to assoc. membership of Inst. of Water Engrs. 
should be of written paper.—H. E. Babbitt. 


Methods of Training the Young Engineer. 
J. F. Batley. Surveyor (Br.) 103: 88 (Feb. 
25, '44). Two accepted methods of entry 
into water works eng. profession at present: 
(1) articled pupil or assistant under agreement 
and (2) student direct from university. First 
method affords best opportunity for training 
of young engr. Best training that could be 
given is to spend fixed time at university with 
2 yr. articled to practical work in admin. 
Whenever possible pupil should come under 
direct supervision of chief engr. As general 
practice, young engr. takes degree course or 
higher national course at evening classes, day 
classes usually being reserved for practical 
work in surveying and hydraulics. During 
pupilage student should devote as much time 
as possible to practical side of water works 
eng. Schedule of training which covers most 
branches of profession: First yr.—visits to 
various water works, drafting office routine, 
surveying, distr. systems and filing of eng. 
papers. Second yr.—drafting office routine; 
surveying; distr.; operation of filter units, 
chem. plants, pumps and chlorination; filing 
of records and prepn. of graphs. Third yr.— 
drafting office routine, surveying, distr., act- 
ing as clerk of works, and practical experience 
on all outside work. Fourth -yr.—drafting 
office routine, surveying, distr., practical 
experience on outside work, writing specifica- 
tions and bills of materials. Fifth yr.—paid 
junior eng. assistant. Would be far more 
satisfactory if Inst. held examn. covering 
subjects pertaining directly to water works 
such as: (1) water works law and administra- 
tion; (2) constr. of reservoirs; (3) filtration, 
pumping and distr.; (4) chemistry and _ bac- 
teriology; and (5) geology. Training of 
young engrs. who are at present with Armed 
Forces another point to consider. Oppor- 
tune to refer to need for making prospects of 
intending engrs. attractive in all respects. 
H. E. Babbitt. 
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Training of Water Engineers. ANON. 
Surveyor (Br.) 103: 127 (Mar. 17,°44). N.A. 


F. Rowntree pointed out difficulty youth 
had in selecting future occupation. Sug- 
gested closer collaboration between technical 
institutions, education authorities, schools 
and pupils. Considered that full-time uni- 
versity training only satisfactory system. 
Wished that ‘refresher courses’ could be 
provided at universities. S. G. Barrett 
preferred would-be water engr. to have liberal 
university education interspersed with manual 
eng. work during vacations. Apprentice 
system should be abolished. E. C. Oakes 
suggested danger in emphasis on academic 
aspect of training and put in plea for more 
practical training. A. Boothman agreed 
with Oakes and Rowntree. Smaller under- 
takings have peculiar and varied problems 
and pupil might receive better training therein 
than in larger undertaking where training 
might be sectionalized. H. Cannel stated it 
was apparently only smaller authorities which 
allowed engrs. to take articled pupils. At 
Liverpool Univ. students compelled to seek 
practical work during vacations. He visual- 
ized possibility of whole framework of water 
eng. changed after war. Need for qualified 
eng. staff would increase. Maybe central 
school for training of young engrs. on lines 
adopted by Post Office would be possible. 


D. Lloyd said trainee scheme might be 
divided as follows: 
No of 
Months Occupation 
1 Office—secretarial: Annual reports, 


etc., correspondence, daily reports 
and filing, committee work, requi- 
sitioning and ordering. 

1 Catchment and impounding works: 
Gages, embankments, valves, etc., 
or underground supplies. 


2 Aqueduct: Maint. and management, 
filtration and treatment of water. 

1 Examination of water: Sampling and 
observation of bact. and chem. 
anals. 

2 Distr.: Trunk main laying. 

2 Distr.: Service reservoirs, district 
planning, small pipe laying and 
scraping. 

1 Waste detection: Night testing, day 


follow-up. 
4 Mech. workshop: Meter and other 
repairs, foundry work, machine 
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work; testing materials; visiting 
wells and pumping stations. 
5-6 Drawing office: Design, quants., 
specifications. 
5-6 Constr. of new work. 


J. R. Roberts said that senior engrs. should 
treat training of young engrs. as responsi- 
bility to future advancement of profession. 
R. Wyllie said there was one aspect which 
had not been mentioned, namely, suitability 
of candidate for training. Most successful 
type was young man who, having reached 
matriculation std., had gone into office for 
general duties and was then presented with 
chance of becoming assistant. P. A. Watford 
thought much to be said favoring pupilage 
system provided principal competent to 
undertake training combined with university 
attendance during whole period of articles. 
M. T. B. Whitson questioned Davenport's 
est. that intake of engrs. into profession only 
14 per yr. If, as seems generally agreed, 
university training is proper course, final and 
directive training must be left to water engr.’s 
office. J. K. Swales impressed by small 
numbers, making it impractical for water 
supply courses to be provided at every uni- 
versity. This might be achieved by British 
W.W. Assn. subsidizing selected university. 
F. Margerison favored articled pupilage com- 
bined with 2 or 3 yr. at university.—H. E. 
Babbitt. 


A Training Program for Replacement Sani- 
tarians in Michigan. JoHN M. HEPLER. 
Mich. Pub. Health 31: 208 (Nov. °43). 
Policy adopted to fill vacancies with suitable 
local men having these qualifications: at least 
have high school education, preferably college 
completed or in part; be classified as 4F or 
over 38 yr. old; have good reputation and 
pleasing personality; be able to meet people 
easily; if possible, previously engaged in 
business affording health and_ sanitation 
fundamentals. Appointment to be _ recog- 
nized strictly as emergency, provisional em- 
ployment for duration, although employee to 
know proper interest and accomplishment 
could lead to formal training and permanent 
employment. This method of staff maint. 
has technical objections but merits in stressing 
local talent in local govt. functions. Recog- 
nized some orientation to maint. uniform 
procedures, continue established programs 
and indoctrination into principles and policies 
of public health organization needed. School 
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of Public Health, Univ. of Mich., easily 
accessible and co-operative. Four-week study 
course planned. First week, as compre- 
hensively as possible, devoted to subject of 
water, including potable public and private 
supplies, swimming and bathing water, cross- 
connections and_ back-siphonage. Second 
week given to sewage and excreta disposal— 
public and private, garbage disposal, rodent 
control, mosquito control, light, heat and 
ventilation. Third week to cover milk 
sanitation from producer to pasteurization 
plant, restaurant, school and resort sanitation 
and nuisances. During 3 weeks, 1-hr. lec- 
tures given on subjects re whole public health 
program and pointed to show relation between 
sanitarian’s work and that of director and 
nurses. At each weekend state health dept, 
representatives conducted 4-hr. discussion 
period to tie theories and procedures covered 
during week into state practices and programs, 
Fourth week in field with experienced san. 
engrs. Program details charted.—Ralph E, 
Noble. 


Some Notes on Water Works Management. 
ERNEST STACE. Wtr. & Wtr. Eng. (Br.) 45: 
47, 94 (Aug., Sept. '42) (Abstracted, Jour. 
A.W.W.A. 35: 350 ('43).) Discussion. Ibid. 
45: 219 (Dec. '42). L. Weston: In past, 
too little attention paid to training of secre- 
taries and, of late years, more progressive 
concerns have tendency to appoint qualified 
accountants as secretaries, showing lack of 
able candidates within industry. While 
accountants and secretaries have much in 
common, vital difference in main subject of 
their studies. Author’s organization chart 
not applicable to all water works. Water 
undertakings commercial and principle of 
charging ‘‘entrance fee’’ does not belong to 
commercial enterprise. Rental system of 
water rates now out of date because it does 
not lend itself to modern office machinery. 
Punched card system not used by a water co. 
to full extent. House-to-house inspection 
for waste detection not onlv acts as check on 
waste, but insures that consumers pay special 
charges for garden hoses, car washing, etc. 
Inadequacy of records of mains kept by 
some water companies surprising. Properly 
kept ‘‘main book”’ giving written description 
of main makes it simple to find valve cover or 
hydrant box. Value of monthly reports not 
realized by all companies. Monthly reports 
essential if proper control to be exercised. 
Author’s Reply: Some academic qualifications 
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sential for all positions of executive re- 
gonsibility, allied to foundation of character 
and loyalty.—H. E. Babbitt. 


Water Supply. Propaganda Secures More 
feonomical Use in London. ANon. Munic. 
j, & Local Govt. Admin. (Br.) 50: 1515 
‘Dec. 11, '42). Metropolitan Water Bd.’s 
wecessful ‘Save Water’ campaign, which 
pegan Apr. 11, made public water-saving 


conscious. By end of Oct., 98,036 taps re- 
washered. In addn., 4000 to 5000 washers 
jispensed for individual repair. During 


aampaign, water consumption trend down- 
ward. Oct. '42 consumption 38 mgd. less 
than Oct. '38; 15 mgd. less than Oct. '41. 
Further economy possible by controlling 
yitomatic flushing cisterns in public lava- 
tories, hotels, restaurants and bldgs. In 
many instances, flushing cisterns run when 
premises not used. Estd. that 12-hr. shut- 
of would save 640,000 gpd.—Ralph E. 
Noble. 


The Amalgamation of Water Undertakings. 
De.wyN G. Davies. Surveyor (Br.) 102: 
487 (Nov. 26, '43). 858 water works in 
England and Wales and 124 in Scotland, not 
including small authorities supplying pops. 
under 10,000, of which more than 100 in 
England and Wales. Majority of water 
works confined to supply so small a pop. that 
they cannot support efficient admin. Au- 
thorities not in position to pay salaries that 
would secure highly qualified staff, hallmark 
of which now recognized as corp. membership 
in Inst. of Civ. Engrs., together with member- 
ship in Inst. of Water Engrs. Of 640 sup- 
pliers providing for pop. less than 30,000, so 
few as 53 of their engrs. members or assoc. 
members. Amalgamation of smaller units 
desirable so that they may gain improved 
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service through employment of higher tech. 
skill.—H. E. Babbitt. 


Water Cost, Ontario 1941. ANon. W.W. 
Inf. Exch.—Can. Sec. A.W.W.A. 5: B: 1: 1 
(Feb. ’43). Total cost of water produced per 
1000 gal. in 167 Ontario municipalities tabu- 
lated. Cost given includes maint. and opera- 
tion, admin., debt charges, etc. As would be 
expected, cost varies widely—from max. of 
144¢ to min. of 2.6¢. Data derived from 
annual rpt. of Dept. of Munic. Affairs.— 
R. E. Thompson. 


Meter Reading and Billing Proposals 
Modified by Commission. ANON. Pub. Util. 
Fort. 31: 587 (Apr. 29, ’43). Meter reading 
and billing proposals by N.Y. companies dis- 
approved because they allowed too much 
latitude and choice in plans and methods. 
Would permit scheduling of meter reading 
for any period up to 66 days. Where meters 
read at intervals other than 28 to 33 days, 
applicable monthly charges would be corre- 
spondingly adjusted. Bills prorated to near- 
est one tenth month when other than sched- 
uled period. Interim bill to be rendered for 
reading periods longer than 28 to 33 days, this 
to be credited to bill rendered for full use of 
service shown by meter readings. Provisions 
would permit companies to continue present 
monthly reading plan or apply others. Fail- 
ure to provide customer meter reading cards 
and bill accordingly, one objectionable fea- 
ture. Prevention of increase to customers by 
reason of changes would be assured by meter 
reading cards. New provisions should be 
filed on statutory notice and be accompanied 
by affidavit of notification to OPA. Objec- 
tions by labor unions expressed concern about 
plan creating unemployment. (Re Consoli- 
(Case 


dated Edison Co. of New York, et al. 
10956).)—H. J. Chapton. 
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We Are 
Flushing 


Hydrants! 


The annual spring hydrant flushing is now in 
progress. For a short time you may draw some 
“rusty”? water from your faucets. Such water is 
not “pretty”, but don’t be afraid of it—it con- 
tains nothing harmful. 


We regret that this flushing is necessary twice 
a year to clear the mains of the rust that accumu- 
lates. If we did not do this you would be incon- 
venienced by rusty water frequently. We know! 
We tried it once! 


After the job is finished, City water will be 
restored to its usual sparkle and clearness. There 
will be no flushing on Mondays—the usual family 
wash day. 


We ask your co-operation. 


CITY LIGHT AND 
WATER UTILITIES 


City Hall—Phone 7111 


Earl E. Norman, Manager, City Light and Water Utilities, Kalamazoo, Mich 
used this newspaper advertisement to tell customers about hydrant flushing. 


tilling W ater Says: 
on? 
4 


